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INTRODUCTION 
The COBSTRAN (COmposi t e  B lade STRuctural ANalyzer) code was 
developed and used s u c c e s s f u l l y  a t  NASA Lewis Research Center  f o r  
t h e  des ign  and a n a l y s i s  o f  composite t u r b o f a n  and tu rboprop  b lades  
and a l s o  f o r  composite wind t u r b i n e  b lades .  
T h i s  code combines composite mechanics and lam ina te  t h e o r y  
w i t h  a d a t a  base o f  f i b e r  and m a t r i x  p r o p e r t i e s .  
f o r  NASTRAN, COBSTRAN generates a NASTRAN model w i t h  a n i s o t r o p i c  
homogeneous m a t e r i a l  p r o p e r t i e s .  S t r e s s  o u t p u t  f rom NASTRAN i s  
p r o v i d e d  as i n p u t  t o  t h e  COBSTRAN pos tprocessor  which uses t h e  
composite mechanics and laminate  t h e o r y  r o u t i n e s  t o  c a l c u l a t e  i n -  
d i v i d u a l  p l y  s t resses ,  s t r a i n s ,  i n t e r p l y  s t resses ,  t h ru - the -  
t h i c k n e s s  s t resses  and f a i l u r e  margins. 
As a p reprocessor  
B lades made f rom i s o t r o p i c  o r  a n i s o t r o p i c  homogeneous m a t e r i -  
NASTRAN MAT1 a l s  can a l s o  be modeled as a spec ia l  case o f  COBSTRAN. 
o r  MAT2 m a t e r i a l  cards  a r e  generated acco rd ing  t o  user  s u p p l i e d  
p r o p e r t i e s .  
COBSTRAN, w r i t t e n  i n  FORTRAN 77, i s  c u r r e n t l y  c o n f i g u r e d  f o r  
o p e r a t i o n  on t h e  LeRC CRAY X-MP computer by use o f  t h e  VM EXEC ac- 
cessed t h r u  t h e  LeRC VM USERDISK. 
CON F I GU RAT I ON FO RMAT S 
Two t ypes  o f  problem s o l u t i o n  fo rmats  a r e  a v a i l a b l e  i n  t h i s  
code. 
(F igu res  1 & 2) o r  s o l i d  composite b lade  w i t h  h o l l o w  co re  s e c t i o n s  
( F i g u r e s  3 81 4) o f  t h e  tu rboprop o r  t u r b o f a n  types .  P l a t e  o r  s h e l l  
t y p e  2-0 e lemen ts  a r e  c r e a t e d  a long  t h e  b lade mid- th ickness  l i n e  
and e q u i v a l e n t  homogeneous m a t e r i a l  p r o p e r t i e s  a r e  c a l c u l a t e d  f rom 
t h e  composi te  l ayup  f o r  each element. T h i s  fo rmat  has d imension 
l i m i t s  wh ich  r e s t r i c t  model ing t o  a maximum o f  504 nodes and 910 
elements. 
The f i r s t  fo rmat  i s  f o r  a s o l i d  composite b lade  
The second fo rmat  i s  f o r  b lades  o f  t h e  s h e l l / s p a r  t y p e  con- 
s t r u c t i o n  composed o f  membrane t y p e  q u a d r i l a t e r a l  s h e l l  e lements 
on t h e  a i r f o i l  su r face  separated by p l a t e  t y p e  spars a t  use r  se- 
l e c t e d  cho rd  p o s i t i o n s .  
wing-1 i ke s t r u c t u r e s  used f o r  wind power t u r b i n e s  ( F i g u r e  5). The 
l i m i t s  t o  t h e  number of nodes o r  elements when us ing  t h i s  s o l u t i o n  
fo rma t  a r e  5040 nodes and 9100 elements. 
T h i s  fo rma t  i s  most s u i t a b l e  f o r  l o n g  
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FIGURE 1. - COBSTRAN FIN ITE ELEENT RODEL. 
328 MODES; 584 ELEENTS. 
FIGURE 2. - TYPICAL BLME CROSS-SECTION. 
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T I P  
LEADING, 
EDGE J 
ROOT 
F16URE 3. - COBSTRAM MODEL OF TH 
HOLLOW FAN BLADE (777 E L E E N T S ) .  
FIGURE 4 .  - TURBOFAN BLAM WITH HOLLW CORE SECTIONS. 
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FIGURE 5.  - TYPICAL M I E L  EWERATED BY THE SHELL/SPAR OPTION. 
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T h i s  code would a l s o  be s u i t a b l e  f o r  t h e  a n a l y s i s  o f  any com- 
p o s i t e  l ayups  f o r  which p l a t e  bending o r  membrane t y p e  NASTRAN e l -  
emen@ a r e  a p p l i c a b l e .  Curved panel  s t r u c t u r e s  may be  modeled 
u t i l ' i z i n g  t h e  SOLID o p t i o n  p r o v i d i n g  t h e  c u r v a t u r e  o f  a c ross-  
s e c t i o n  i s  d e f i n e d  by a s i n g l e  va lue  f u n c t i o n .  The panel  cannot  have 
two c o o r d i n a t e  va lues  a t  any chordwise s t a t i o n .  
>._.. As a p reprocessor  on l y ,  COBSTRAN can be used t o  genera te  
'NASTRAN g r i d ,  c o n n e c t i v i t y  and m a t e r i a l  ca rds  f o r  component p a r t s  
'I o f  a l a r g e r  NASTRAN model. COBSTRAN w r i t e s  these bulk d a t a  r e c o r d s  
: .-"$o *' FORTRAN u n i t  KBULK which can be ass igned t o  a u s e r  des igna ted  
' - f i l e .  These NASTRAN da ta  se ts  can then  be combined i n t o  a l a r g e r  
.4* 
model. 
COMPOSITE ANALYSIS 
COBSTRAN i s  des igned t o  c a r r y  o u t  t h e  many l i n e a r  ana lyses  
r e q u i r e d  t o  e f f i c i e n t l y  des ign  and ana lyze  s t r u c t u r a l  components 
made o f  m u l t i l a y e r e d  u n i d i r e c t i o n a l  f i b e r  composites. 
I n p u t s  t o  t h e  COBSTRAN composite a n a l y s i s  a r e  c o n s t i t u e n t  f i -  
b e r  and m a t r i x  m a t e r i a l  p r o p e r t i e s ,  f a c t o r s  r e f l e c t i n g  t h e  p l y  
f a b r i c a t i o n  process and p l y  o r i e n t a t i o n  and l o c a t i o n  geometry. 
COBSTRAN per fo rms t h e  micromechanics, macromechanics and lam ina te  
ana lyses  o f  these f i b e r  composites. See t h e  COBSTRAN 
Theoret ica l /Programmers Manual. 
p l y  d e s i g n a t i o n  i s  r e q u i r e d  i n p u t .  T h i s  ang le  (measured i n  degrees) 
i s  d e f i n e d  f rom t h e  COBSTRAN x-ax is  (0.0 degree p l y  o r i e n t a t i o n )  
t o  be p o s i t i v e  i n  t h e  p o s i t i v e  x-y quadrant  f o r  t h e  s o l i d  2-0 b lade  
and f o r  t h e  a i r f o i l  su r face  o f  t h e  s h e l l / s p a r  model ( F i g u r e  6). 
For  t h e  spars o f  t he  s h e l l / s p a r  model t h e  angle i s  p o s i t i v e  i n  t h e  
p o s i t i v e  x-z quadrant .  
i t e  s t r u c t u r a l  response (account ing  f o r  bend ing -s t re t ch ing  coup l -  
i n g )  and composite s t r e s s  a n a l y s i s  i n c l u d i n g  t h e  r e s u l t s  o f  
combined-stress s t r e n g t h  f a i l u r e  c r i t e r i a  and Hoffman's f a i l u r e  
c r i t e r i a .  
The o r i e n t a t i o n  ang le  o f  t h e  l l - a x i s  f o r  each u n i d i r e c t i o n a l  
Outpu ts  a r e  t h e  v a r i o u s  p l y  and composite p r o p e r t i e s ,  compos- 
The o u t p u t  f rom COBSTRAN pos tprocess ing  i s  des igned t o  make 
use o f  i n f o r m a t i o n  generated i n  t h e  preprocessor  phase and s t o r e d  
i n  temporary f i l e s .  There fore  t h e  COBSTRAN-NASTRAN-COBSTRAN problem 
must be r u n  i n  sequence. 
1-5 (8-31-88) 
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PLY 
TRAllSVERSE 
PLY 
COBsTRAn X-AXIS 
F16URE 6. - FIBER ColpoSlTE 6EOlETRY RELATIVE TO COBSTRAN 
COORDINATE SYSTEH. 
1-6 (8-31-88) 
COBSTRAN User’s Manual 
COORDINATE SYSTEMS 
COBSTRAN u t i l i z e s  a r i g h t  hand r e c t a n g u l a r  c o o r d i n a t e  .system 
i n  wh ich  t h e  b l a d e  l i e s  spanwise a long  t h e  x -ax is .  
l i e s  g e n e r a l l y  a long  t h e  y - a x i s  and t h e  z -ax i s  i s  t h rough  t h e  
t h i c k n e s s  as shown i n  F i g u r e  7. 
The b l a d e  cho rd  
For  t h e  s h e l l / s p a r  fo rmat  t h e  c o o r d i n a t e s  a r e  assumed t o  be 
I f  t h i s  c o o r d i n a t e  t r a n s f o r m a t i o n  
on t h e  e x t e r n a l  su r face  o f  t h e  model. These coo rd ina tes  w i l l  au to -  
m a t i c a l l y  be t r a n s f e r r e d  t o  t h e  mid-wal l  p o s i t i o n  i n  accordance 
w i t h  t h e  t h i c k n e s s  s p e c i f i e d .  
i s  n o t  d e s i r e d  a PROFILE o p t i o n  c a r d  shou ld  be i n c l u d e d  i n  t h e  op- 
t i o n  deck. 
MESH GENERATION 
The mesh genera t i on  c a p a b i l i t y  i n  COBSTRAN i s  des igned t o  
c r e a t e  2-D p l a t e  t y p e  meshes under t h e  SOLID o p t i o n  and s h e l l  t y p e  
b lade  meshes under t h e  SHELL/SPAR o p t i o n .  I n  b o t h  cases meshes a r e  
c r e a t e d  w i t h  2-D elements. 
When u s i n g  t h e  SOLID o p t i o n  b l a d e  format ,  t h e  va lues  o f  i n p u t  
f o r  each r a d i a l  s t a t i o n  ( x  s e c t i o n )  i s  d e f i n e d  as f o l l o w s .  For  a 
g i v e n  y p o i n t  t h e  maximum va lue  o f  z i s  represented  by ZU and t h e  
minimum va lue  o f  z by ZL. 
normal t o  t h e  mid- th ickness  l i n e  i s  c a l c u l a t e d  and t h e  r e s p e c t i v e  
y and z va lues  a r e  determined on t h e  mid- th ickness  l i n e .  
n a t e l y  t h e  user  may s p e c i f y  t h e  f i n a l  m id- th ickness  g r i d  p o i n t s  t o  
be used i n  COBSTRAN and t h e  b lade th ickness a t  each o f  these p o i n t s .  
These coo rd ina te  i n p u t  fo rmats  a r e  desc r ibed  i n  F igu re  8. 
From these i n p u t  va lues  t h e  t h i c k n e s s  
A l t e r -  
Under t h e  SOLID o p t i o n  f o u r  t ypes  o f  2-D mesh p a t t e r n s  may be 
The p a t t e r n  f o r  
c r e a t e d  f rom nodal p o i n t s  generated a long  t h e  mid- th ickness  l i n e .  
Three o f  these p a t t e r n s  a r e  desc r ibed  i n  F i g u r e  9. 
MESH = 3 i s  c u r r e n t l y  n o t  a v a i l a b l e .  
Under t h e  SHELL/SPAR o p t i o n  o n l y  q u a d r i l a t e r a l  elements a r e  
c rea ted .  There i s  no user  s e l e c t i o n  a v a i l a b l e .  
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X 
t 
Y &+- 
BLADE 
V E L O C I T Y G  
KCTOR 
PITCH OWlE OR 
STACKING AXIS’ 
Y 
T I P  TO HUB VIEW 
FIGURE 7 .  - COBSTRAN COORDINATE SYSTEn. 
1-8 (8-31-88) 
COBSTRAN User’s Manual 
+Y 
VIEW LoaKIffi  T IP  TO HUB (E6 X)  
IGRD = 1 OR 2 
+z 
I 
VIEW LOOKING TIP TO HUB (NEG X )  
IGRD = 3 OR 4 
FIGURE 8. - COBSTRAN COORDINATE INPUT FWMTS. 
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ESH = 4 
FI6URE 9. - COBSTRAN 2-D E S H  PATTERNS. 
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INPUT FORMAT 
The COBSTRAN i n p u t  fo rmat  i s  desc r ibed  by c a r d  groups. The 
o p t i o n s  a c t i v a t e d  and t h e i r  r e s p e c t i v e  c a r d  groups d e f i n e  t h e  p a t h  
which w i l l  be taken t h r u  COBSTRAN. The use o f  each Program Opt ion  
Card i s  d e s c r i b e d  i n  Sec t i on  3 .  
Some o f  t h e  c a r d  groups a r e  dependant on e i t h e r  a Program Op- 
t i o n  Card b e i n g  s p e c i f i e d  o r  a parameter d e f i n e d  i n  a p r e v i o u s  c a r d  
group. The o p t i o n a l  c a r d  groups and t h e i r  r e s p e c t i v e  dependencies 
a r e  e x p l a i n e d  w i t h i n  each ca rd  group l i s t e d  under DECK SET-UP. 
User c o n t r o l l e d  parameters a r e  desc r ibed  i n  Sec t i on  3 .  A l s o ,  
a d i c t i o n a r y  o f  program v a r i a b l e s  i s  p r o v i d e d  a t  t h e  end o f  t h i s  
manual i n  Sec t i on  6. ’ 
A l t hough  COBSTRAN r e t a i n s  most o f  t h e  o p t i o n  reques ts  i n  tem- 
po ra ry  f i l e s  between pre-  and pos tprocess ing  i t  i s  good p r a c t i c e  
t o  d u p l i c a t e  t h e  preprocessor  Program Opt ion  Cards f o r  
pos tprocess ing .  A separate i n p u t  f i l e  i s  r e q u i r e d  f o r  
pos tprocess ing .  
Fo l l ow ing ,  i s  t h e  COBSTRAN DECK SET-UP by c a r d  groups. 
I f  an o p t i o n a l  c a r d  group i s  n o t  a c t i v a t e d  by a p r e v i o u s  Pro- 
gram Opt ion  Card o r  user  se lec ted  parameter t h e  o p t i o n a l  c a r d  group 
must n o t  be i n c l u d e d  i n  t h e  da tase t .  The d a t a s e t  should, however, 
be ma in ta ined  i n  numer ica l  o r d e r  by c a r d  group number. 
The f o l l o w i n g  r u l e  a p p l i e s  t o  c a r d  group 9 o f  t h e  SOLID o p t i o n  
and c a r d  groups 12 & 14 o f  t h e  SHELL/SPAR o p t i o n .  Data i n p u t  shou ld  
be i n  ascending o r d e r  ( i n c r e a s i n g  va lues)  f o r  t h e  x coo rd ina tes  and 
f o r  each x s t a t i o n  the  y va lues  should be i n  ascending order .  
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DECK SET-UP 
CARD 
GROUP 
1 TITLE= Problem I d e n t i f i c a t i o n  
(Maximum o f  5 TITLE cards)  
2 Program Opt ion  Cards ( o r d e r  i s  o p t i o n a l )  
PREPROCESSOR 
POSTPROCESSOR 
SOLID BLADE 
SHELL/SPAR 
BIDE -- i n t e r l a m i n a r  s t i f f n e s s  i n c l u d e d  
CONE ANGLE -- d e f i n e  w ind  t u r b i n e  con ing  ang le  
COSMIC NASTRAN -- f i n i t e  element fo rma t  
DIAGNOSTIC= -- programmers u t i l i t y  
DUMP -- i n t e r n a l  databank p r i n t o u t  
ECHO -- r e f l e c t i o n  o f  use r  i n p u t  d a t a s e t  
EZREAD -- u s e r - f r i e n d l y  i n p u t  f o rma t  
HOLLOW -- s o l i d  b lade  w i t h  h o l l o w  or f i l l e d  c a v i t i e s  
MODAL STRESS OUTPUT -- e i g e n v e c t o r  s t r e s s  e v a l u a t i o n  
MPLOTS -- generate NASTRAN 'PLOTEL' f i l e  
MSCMIN -- MSC NASTRAN i n t e r p r e t e r  
MSC NASTRAN -- f i n i t e  element fo rma t  
NASMIN -- COSMIC NASTRAN i n t e r p r e t e r  
PLYORDER -- symmetr ical  p l y  o r d e r  s p e c i f i e d  by user  
PRESSURE -- pressu re  i n p u t  
PROFILE -- suppress mid-wal l  c o r r e c t i o n  (SHELL/SPAR) 
PROPERTY INPUT -- user  s u p p l i e d  l a y e r  p r o p e r t i e s  
PRTOUT -- extended d a t a  o u t p u t  
TEMPERATURE -- temperature i n p u t  
UNSYMMETRICAL PLYORDER -- s p e c i f i e d  by use r  
ZIGZAG SPARS -- spars n o t  normal t o  mid-chord l i n e  
3 ENDOPTION -- r e q u i r e d  a t  end o f  o p t i o n  s e l e c t i o n  
Note: A l l  t i t l e  and o p t i o n  ca rds  r e q u i r e  o n l y  
t h e  f i r s t  f o u r  c h a r a c t e r s  i n  f r e e - f i e l d  fo rma t  
I F  PREPROCESSOR 
and SOLID BLADE c o n t i n u e  on page 2-3 
o r  SHELL/S PAR c o n t i n u e  on page 2-5 
I F  POSTPROCESSOR c o n t i n u e  on page 2-7 
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SOLID BLADE OPTION 
CARD 
GROUP FORMAT 
4 IMAT, NDES , NMODE( 3) 2014 
5 NOPLY, NSECT, NCOREG, NGROUP 2014 
6 IGRD,IU,JU,MESH 2014 
7 MSECT( J) J=l, NSECT 2014 
8 Op t iona l  f o r  r o o t  and t i p  d e s i g n a t i o n  
Op t ion  a c t i v a t e d  i f  IGRD.= 1 o r  4 
XBEG, XEND 10F8.4 
NOTE: See EZREAD o p t i o n  f o r  a l t e r n a t e  i n p u t  f o rma t  
9 G R I D  POINT INPUT 
X,Y,ZU,ZL,TU,TL,PU,PL ( I F  IGRD = 1 o r  2) 
X,Y, Z,TB,TU,TL,PU,PL ( I F  IGRD = 3 o r  4) 
One b l o c k  o f  d a t a  f o r  each X-sect ion (NSECT) 
Each b l o c k  c o n t a i n s  MSECT(J) cards  
See Sec t ion  3 f o r  IGRD o p t i o n s  
10F8.4 
10F8.4 
* 10 Op t iona l  f o r  m a t e r i a l  c o o r d i n a t e  system des igna t ion .  
Op t ion  a c t i v a t e d  if NCOREG i s  g r e a t e r  t han  zero.  
NCOOR(1,I),NCOOR(2,I),NCOOR(3,I) I= l ,NCOREG 8(214,12) 
NCOREG groups, Maximum of  8 groups 
* Not  recommended f o r  VERSION 1.2 (Untes ted  o p t i o n )  
11 Opt iona l  i f  composite m a t e r i a l  i s  t o  be s e l e c t e d  
f rom DATABANK. 
Opt ion  a c t i v a t e d  i f  IMAT=1,2,5,6,7 o r  8 
PLY DESCRIPTIONS 
PERT( I )  I = l ,  6 8F10.4 
CODES(1) I=1,6 A4,1X,A4,1X,4F10.4 
Two(2) cards  a r e  r e q u i r e d  f o r  each p l y  d e s c r i p t i o n  
(NDES i n  Card Group 4, MAX=40) 
Ply d e s i g n a t i o n  numbers a r e  ass igned i n  t h e  o r d e r  
i n  which t h e  p l y  d e s c r i p t i o n s  a r e  l i s t e d .  
NOTE: For p l y  l a y e r s  f o r  which p r o p e r t i e s  a r e  i n p u t .  
S e l e c t  PROPERTY INPUT o p t i o n  
and s e t  CODES(l)=T300 and CODES(2)=SPOX 
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SOLID BLADE OPTION 
CARD 
GROUP FORMAT 
12 Optional for hollow or filled cavities. 
Option activated if HOLLOW option is selected 
The last ply described in Card Group 11 will fill 
the cavity; 
KGRD(J),THWAL(J) J=l,NGRD 6(  16, F6.3) 
PERT( l)=NGRD and PERT( 2)=0.0 
13 Optional if ply order to be specified 
(symmetrical or unsymmetrical) 
Option activated if PLYORDER or UNSYMMETRICAL 
PLYORDER option selected and IMAT= 1,2,5,6,7 or 8 
MAX P LY (MAX=111) defines half max. thick. 2014 
MPLY(1) I=l,MAXPLY 2014 
14 Optional if unsymmetrical ply order to be specified 
Option activated if UNSYMMETRICAL PLYORDER option 
selected and IMAT= 1,2,5,6,7 or 8 
(ply order for blade half opposite GROUP 13) 
LMAX (MAX=111) defines half max. thick. 2 0 1 4  
NPLY( I) I=l, LMAX 2014 
1 5  Optional if ply properties are to be read in. 
Option activated if PROPERTY INPUT option selected 
NPM 2 0 1 4  
The next two(2) cards are repeated NPM times. 
NPD,KF,RHO,El,E2,G12,NUlZ 14,6X,6E10.3 
Slt,Slc,S2t,S2c,S12,Al,A2 8 E 1 0 . 3  
16 Optional if material properties are to be read in. 
(anisotropic material) Option activated if IMAT=3 
A(1)  I = 1 , 6  RHO,AX,AY,AZ 10E8.2 
Option activated if IMAT=4 
A(1)  I=1,6 GE,ST,SC,SS 1 0 E 8 . 2  
(isotropic material) 
END OF PREPROCESSOR DECK FOR SOLID OPTION 
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SHELL/SPAR OPTION 
CARD 
GROUP FORMAT 
4 
5 
6a 
6b 
7 
8 
9 
10 
IMAT, NDES , NMODE( 3) 2014 
NXSECT,NXSPAR,NSPAR,NYSPC,NOPLY ,NSPDES( 5) 2014 
NXSPC , X , (SY( 1, I ) ,  SY( 2, I), 1=1 ,5) 14,12F6.2 
Repeat 6a if ZIGZAG option selected 
NXSECT + 1 cards 
Option activated if CONE ANGLE option selected 
ALPHA( 1,l) ,ALPHA( 1,2) ,ALPHA( 1,3), 
ALPHA( 2 , l )  ,ALPHA( 2,2) ,ALPHA( 2 ,3 ) ,  
ALPHA(3,1),ALPHA(3,2),ALPHA(3,3) 10F8.2  
Optional if composite material is to be selected 
from DATABANK . 
Option activated if IMAT=1,2,5,6,7 or 8 
PLY DESCRIPTIONS 
PERT( I) I = l ,  6 8 F 1 0 . 4  
CODES( I) I=l, 6 A 4 , l X  , A 4 , l X  ,4Fi-O. 4 
Two(2) cards are required for each ply description 
(NDES i n  Card Group 4, MAX=40) 
Ply designation numbers are assigned in the order 
in which the ply descriptions are listed. 
NOTE: Fo r  ply layers for which properties are input. 
Select PROPERTY INPUT option 
and set CODES(l)=T300 and CODES(Z)=SPOX 
Optional if ply order to be specified 
Option activated if PLYORD option selected 
and IMAT= 1,2,5,6,7 or 8 
MAX P LY (MAX=111)  d e f i n e s  h a l f  max. t h i c k .  2014 
MPLY(1) I=l,MAXPLY 2014 
LSECT( 1), LSECT( 2) 2014 
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SHE LL/S PAR OPT I ON 
CARD 
GROUP 
PRESSURE SURFACE DATA (11 & 
11 MSECT(J,l) J=l, LSECT( 1) 
12 X,Y,Z,THK,PRES,TEMP 
FORMAT 
2) 
2014 
8 F 1 0 . 2  
LSECT( 1) blocks each w i t h  MSECT( J, 1) cards 
LSECT( 1 ) MAX=lO , MSECT( J, 1) MAX=30 
SUCTION SURFACE DATA ( 1 3  & 14) 
1 3  MSECT( J, 2) J=1, LSECT( 2) 
14 X,Y,Z,THK,PRES,TEMP 
LSECT( 2) blocks each w i t h  MSECT( J, 2) cards 
LSECT( 2) MAX=10, MSECT( J, 2) MAX=30 
2 0 1 4  
8 F 1 0 . 2  
15 Opt ional  i f  p l y  p r o p e r t i e s  a r e  t o  be read i n .  
Option a c t i v a t e d  i f  PROPERTY INPUT opt ion  se lec ted  
NPM 2014 
The next  two(2) cards a r e  repeated  NPM t imes.  
NPD,KF,RHO,El,E2,G12,NUlZ 14,6X,6E10.4 
Slt, Slc,  S Z t ,  S2c,S12,A1 ,A2 8 E 1 0 . 4  
16 Opt ional  i f  m a t e r i a l  p r o p e r t i e s  a r e  t o  be read  i n .  
( a n i s o t r o p i c  m a t e r i a l )  Option a c t i v a t e d  i f  IMAT=3 
A(1)  I = 1 , 6  RHO,AX,AY,AZ 1 0 E 8 . 2  
Option a c t i v a t e d  i f  IMAT=4 
A(1)  I=1,6 GE,ST,SC,SS 1 0 E 8 . 2  
( i s o t r o p i c  m a t e r i a l )  
END OF PREPROCESSOR DECK FOR SHELL/SPAR OPTION 
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CARD 
GROUP 
- 4  
* 5  
6 
7 
FORMAT 
KSMF, NXSECT, NSPAR 2014 
O p t i o n a l  f o r  p rocess ing  o f  NASTRAN dynamic o u t p u t  
O p t i o n  a c t i v a t e d  -if DYNAMIC OUTPUT o p t i o n  s e l e c t e d  
NPTS,NELTS,NTIMES,NCYC 2014 
TIMES( I), I=l, NTIMES 12F6.2 
MELTS( I), I=l, NELTS 2014 
MPTS( I), I=l, NPTS 2014 
O p t i o n a l  f o r  l i m i t i n g  nodal d a t a  o u t p u t  
Op t ion  a c t i v a t e d  i f  PRTOUT o p t i o n  i s  not s e l e c t e d  
Ten s e t s  o f  nodes may be s p e c i f i e d .  
NPRT( 1, I ), NPRT( 2, I )
I f  no o u t p u t  i s  d e s i r e d  a b l a n k  c a r d  i s  r e q u i r e d  
1=1 , 10 2014 
Add NASTRAN element s t r e s s  o u t p u t  i n  t h e  fo rma t  
generated by a NASTRAN punch reques t .  
A user  des igna ted  temporary f i l e  i s  expected here.  
The NASTRAN punch f i l e  c o n t a i n i n g  s t r e s s  o u t p u t  i s  
w r i t t e n  t o  FORTRAN u n i t  7 f o r  MSC/NASTRAN and 
FORTRAN u n i t  1 f o r  RPK/NASTRAN. 
END OF POSTPROCESSOR DECK 
* Not  recommended f o r  VERSION 1.2 (Untested o p t i o n )  
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PROGRAM OPTION CARDS 
There a re  f i v e ( 5 )  p r i m a r y  o p t i o n  ca rds  used i n  t h e  i n p u t  deck 
t o  c o n t r o l  COBSTRAN. 
PREPROCESSOR 
POSTPROCESSOR 
SOLID BLADE 
SHELL/SPAR 
ENDOPTION 
PREPROCESSOR o r  POSTPROCESSOR determine i f  COBSTRAN i s  t o  
generate a NASTRAN b u l k d a t a  deck o r  t o  process t h e  s t r e s s  o u t p u t  
f rom NASTRAN. 
SOLID BLADE o r  SHELL/SPAR determine t h e  t y p e  o f  mesh and model 
t o  be generated by COBSTRAN. 
ENDOPTION i s  r e q u i r e d  t o  des igna te  t h e  end o f  t h e  o p t i o n  deck. 
A l l  o t h e r  ca rds  
B I D E  
CONE ANGLE 
COSMIC NASTRAN 
DIAGNOSTIC= 
DUMP 
ECHO 
EZREAD 
HOLLOW 
MODAL STRESS 
MPLOTS 
MSCMIN 
MSC NASTRAN 
NASMI N 
P LY ORD ER 
PRESSURE 
PROF1 LE  
PROPERTY INPUT 
PRTOUT 
TEMPERATURE 
TITLE= 
UNSYMMETRICAL PLYORDER 
Z I GZAG 
NOTE: Only t h e  f i r s t  f o u r  c h a r a c t e r s  o f  t h e  O p t i o n  Cards 
a r e  necessary. An equals  s i g n  i s  r e q u i r e d  when shown. 
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USAGE ---- PREPROCESSOR and POSTPROCESSOR 
SOLID BLADE and SHELL/SPAR opt ions 
T h i s  opt ion  i n d i c a t e s  t h a t  t h e  i n t e r p l y  l a y e r  d i s t o r t i o n  en- 
ergy c o e f f i c i e n t s  H j  w i l l  be c a l c u l a t e d  f o r  each p l y .  
I f  BIDE i s  not  present  H j  = 0.0.  
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USAGE ---- PREPROCESSOR 
SHELL/SPAR o p t i o n  o n l y  
T h i s  o p t i o n  i s  used t o  t r a n s f o r m  a b l a d e  d e f i n e d  i n  a l o c a l  
c o o r d i n a t e  system i n t o  a s t r u c t u r a l  o r  r o t a t i o n a l  c o o r d i n a t e  sys- 
tem. A w ind  t u r b i n e  b l a d e  i s  no rma l l y  mounted a t  an a n g l e  o u t  o f  
t h e  p l a n e  o f  r o t a t i o n  t o  compensate f o r  aerodynamic f o r c e s .  
I n p u t  va lues  a r e  i n  degrees and a r e  d e f i n e d  as f o l l o w s ;  
ALPHA( 1, l )  ---- ang le  between b l a d e  x -ax i s  and 
ALPHA( 1 ,Z)  ---- ang le  between b lade  x -ax i s  and 
ALPHA(1,3) ---- ang le  between b lade  x - a x i s  and 
ALPHA(2,l) ---- ang le  between b lade  y - a x i s  and 
ALPHA(2,Z) ---- ang le  between b lade  y - a x i s  and 
ALPHA(2,3) ---- ang le  between b lade  y - a x i s  and 
ALPHA(3,l) ---- ang le  between b lade  z -ax i s  and 
ALPHA( 3,Z) ---- ang le  between b lade  z - a x i s  and 
ALPHA( 3,3) ---- ang le  between b lade  z -ax i s  and 
system x -ax i s  
system y - a x i  s 
system z - a x i s  
system x -ax i s  
system y - a x i s  
system z - a x i s  
system x -ax i s  
system y - a x i s  
system z -ax i s  
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M I C  NASTRAN 
USAGE ---- PREPROCESSOR 
SOLID BLADE and SHELL/SPAR o p t i o n s  
T h i s  o p t i o n  i n d i c a t e s  t h a t  t h e  f i n i t e  element model generated 
by COBSTRAN w i l l  be w r i t t e n  t o  t h e  temporary f i l e  des igna ted  by t h e  
user  as FORTRAN u n i t  KBULK and t h e  fo rma t  w i l l  be i n  accordance w i t h  
t h e  f o l  1 owing; 
G R I D  CTRIA2 PTRIA2 MAT 1 
TEMP CQUAD2 PQUADZ MAT2 
P LOAD 
I f  IMAT = 5 o r  6 t h e  fo rma t  o f  t h e  f o l l o w i n g  
c o n n e c t i v i t y  and p r o p e r t y  ca rds  w i l l  be used. 
CTRIAl PTRIAl 
CQUADl PQUAD1 
M a t e r i a l  p r o p e r t y  s u b r o u t i n e  NASMAT w i l l  be used i f  t h i s  op- 
t i o n  i s  a c t i v e .  
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DIAGNOSTIC= 
. USAGE ---- SOLID BLADE and SHELL/SPAR o p t i o n s  
NOTE: For  debugging purposes o n l y  
The use o f  t h i s  o p t i o n  a l l o w s  f o r  e v a l u a t i n g  s e l e c t e d  subrou- 
t i n e s  acco rd ing  t o  t h e  d i a g n o s t i c  numbers wh ich  f o l l o w  t h e  equal 
s i g n  on t h e  o p t i o n  DIAG l i n e .  T h i s  t u r n s  on t h e  d i a g n o s t i c  p r i n t  
o p t i o n  i n  t h e  corresponding subrout ines .  P r e s e n t l y  t h e  d i a g n o s t i c  
o u t p u t  i s  des ignated  t o  FORTRAN u n i t  6, t h e  usual  w r i t e  u n i t .  T h i s  
o u t p u t  can be d i r e c t e d  t o  o t h e r  u n i t s  by changing t h e  va lue  o f  KDIAG 
i n  sub rou t ine  C I N I T .  
T h i s  f e a t u r e  c u r r e n t l y  e x i s t s  i n  t h e  f o l l o w i n g  sub rou t ines  
which a r e  l i s t e d  w i t h  t h e i r  cor respond ing  d i a g n o s t i c  number. 
CSREAD 
FFREAD 
SPRSET 
TBGRD 
TBGOl 
WREAD 
WINPUT 
WS PAR 
WROTAT 
3 
18 
45 
47 
48 
54 
55 
56 
58 
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USAGE ---- SOLID BLADE and SHELL/SPAR o p t i o n s  
T h i s  o p t i o n  w i l l  p r i n t  o u t  t h e  i n t e r n a l  databank va lues  f o r  
t h e  f i b e r  c o n s t i t u e n t  p r o p e r t i e s ,  m a t r i x  c o n s t i t u e n t  p r o p e r t i e s  and 
c o r r e l a t i o n  c o e f f i c i e n t s  f rom t h e  COBSTRAN i n t e r n a l  databank. 
Values f o r  t h e  p l i e s  c a l l e d  i n  t h e  preprocessor  phase w i l l  be t h e  
o n l y  ones p r i n t e d .  T h i s  o p t i o n  i s  u s e f u l  f o r  p r e p a r a t i o n  o f  an 
e x t e r n a l  databank when t h e  user  wants t o  t a i l o r  t h e  p r o p e r t i e s  f o r  
a p a r t i c u l a r  a p p l i c a t i o n .  
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USAGE ---- SOLID BLADE and SHELL/SPAR opt ions  
T h i s  opt ion  provides a r e f l e c t i o n  o f  t h e  i n p u t  d a t a s e t  t o  
COBSTRAN p r i o r  t o  i n t e r p r e t a t i o n  by COBSTRAN. 
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W P T I O N  
USAGE ---- ALL opt ions 
T h i s  opt ion  i n d i c a t e s  t h e  end o f  t h e  opt ion  s e l e c t i o n  and must 
be present .  
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W A R A M  
USAGE ---- ALL o p t i o n s  
T h i s  c a r d  i n d i c a t e s  t h e  end o f  parameter s e l e c t i o n  and must 
be p r e s e n t  i f  t h e  EZREAD o p t i o n  i s  used. T h i s  does n o t  r e p r e s e n t  
an o p t i o n  s e l e c t i o n  i t s e l f  b u t  i s  used t o  i n d i c a t e  t h e  end o f  pa- 
rameter  i n p u t  when t h e  EZREAD o p t i o n  i s  se lec ted .  
t h e  ENDOPTION c a r d  and a r e  ended by t h i s  ENDPARAM card .  
Parameters f o l l o w  
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USAGE ---- SOLID BLADE and SHELUSPAR o p t i o n s  
T h i s  o p t i o n  enables a u s e r - f r i e n d l y  i n p u t  f o rma t  f o r  COBSTRAN 
parameters as i n d i c a t e d  below. 
Parameters read  by t h i s  o p t i o n  a r e  those  des igna ted  i n  
CARD GROUPS 4 t h r u  8 SOLID o p t i o n  o n l y .  
i s  zero. A t  l e a s t  f o u r  c h a r a c t e r s  must be used f o r  each name. 
D e f a u l t  f o r  a l l  parameters 
Therefore;  
I U  --> I U X X  o r  SPAN 
JU --> JUYY o r  CHORD 
I n p u t  Format Sample 
ENDOPTION 
IMAT = 2 
SPAN = 15 
XBEG = 2.5 
MSECT = 4 4 4 6 7 8 8 
END PARAM 
MSECT = 3 ( 4 )  6 7 2(8) produces 4 4 4 6 7 8 8 
Parameter i n p u t  must end w i t h  an ENDPARAM card.  
CARD GROUPS 4 t h r u  8 must be removed f rom t h e  i n p u t  deck. 
T h i s  o p t i o n  a l s o  a c t i v a t e s  a f r e e - f i e l d  i n p u t  f o rma t  f o r  a l l  
remain ing Card Groups. 
FORTRAN 77 f o r  t h i s  i n p u t .  
The user  should f o l l o w  t h e  r u l e s  o f  
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- HOLLOW 
- USAGE ---- PREPROCESSOR 
SOLID BLADE o p t i o n  o n l y  
T h i s  o p t i o n  i n d i c a t e s  t h a t  some node p o i n t s  have h o l l o w  cores  
and a "ho l low"  t y p e  m a t e r i a l  w i l l  f i l l  t h a t  c a v i t y .  
I n  Card Group 11 t h e  PERT and CODES a r r a y s  a r e  used t o  des ig -  
na te  t h e  number o f  node p o i n t s  t o  be m o d i f i e d  and t h e  f i l l  m a t e r i a l  
t o  be used. 
Card Group 12 c o n t a i n s  t h e  node p o i n t s  and t h e i r  r e s p e c t i v e  
w a l l  th icknesses .  
The maximum number o f  p l i e s  f o r  each m a t e r i a l  i s  based on a 
percentage o f  t h e  w a l l  t h i c k n e s s  and p l i e s  needed t o  
t h i  c kness . 
f i l l  t h a t  
For  o t h e r  nodes t h e  maximum number o f  p l i e s  o f  each m a t e r i a l  
i s  used s t a r t i n g  a t  t h e  su r face  u n t i l  t h e  t h i c k n e s s  i s  a t t a i n e d .  
A t  s e l e c t e d  g r i d  p o i n t s  t h e  w a l l  t h i c k n e s s  i s  used and t h e  
remain ing  th i ckness  i s  composed o f  t h e  l a s t  m a t e r i a l  s p e c i f i e d .  
NOTE: a) Not  compat ib le  i f  p l y  o r d e r  i s  s p e c i f i e d .  
b) The b lade layup  i s  assumed symmetric. 
c )  The use o f  HOLO/HOLO p l i e s  g e n e r a l l y  
p rec ludes  t h e  use o f  t h i s  o p t i o n .  
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W L  STRESS OUTPUT 
USAGE ---- PREPROCESSOR 
SOLID BLADE and SHELL/SPAR o p t i o n s  
T h i s  o p t i o n  i n d i c a t e s  t h a t  t h e  s t r e s s  o u t p u t  f o r  
pos tp rocess ing  w i l l  be s t resses  generated f rom t h e  normal ized 
e igenvec to rs  i n  a NASTRAN modal a n a l y s i s .  
The subcases/modes t o  be eva lua ted  by t h e  COBSTRAN 
pos tp rocesso r  a r e  des igna ted  i n  t h e  a r r a y  NMODE i n  Card Group 4. 
A maximum o f  t h r e e  modes may be eva lua ted .  
T h i s  o p t i o n  i s  used t o  c a l c u l a t e  r e l a t i v e  p l y  s t r e s s e s  and 
s t r a i n s  i n  t h e  s u r f a c e  l a y e r s  r e s u l t i n g  f rom t h e  s p e c i f i e d  vi-.  
b r a t i o n  mode shapes. These r e l a t i v e  va lues  a r e  used t o  determine 
t h e  placement o f  s t r a i n  gages and t h e  e v a l u a t i o n  o f  gage read ings  
d u r i n g  dynamic t e s t i n g  o f  t h e  b lades.  
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USAGE ---- PREPROCESSOR 
SOLID BLADE and SHELL/SPAR o p t i o n s  
T h i s  o p t i o n  w i l l  cause t h e  genera t i on  o f  a NASTRAN b u l k  d a t a  
f i l e  c o n t a i n i n g  'PLOTEL' cards  t o  generate an undeformed model 
p l o t .  T h i s  f i l e  w i l l  be w r i t t e n  t o  FORTRAN u n i t  KPLOT. 
T h i s  o p t i o n  i s  u s e f u l  i n  u t i l i z i n g  NASTRAN p l o t t i n g  c a p a b i l i t y  
f o r  genera t i ng  undeformed p l o t s  o f  COBSTRAN generated models f o r  
o t h e r  f i n i t e  element codes when o t h e r  p l o t t i n g  c a p a b i l i t y  i s  n o t  
ava i  l a b 1  e. 
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USAGE ---- PREPROCESSOR 
SOLID BLADE o p t i o n  o n l y  
T h i s  o p t i o n  i n d i c a t e s  t h a t  a MSC NASTRAN b u l k  da ta  f i l e  i s  
a v a i l a b l e  and t h e  user  wants t o  reproduce t h e  model u s i n g  composites 
f rom t h e  DATABANK. COBSTRAN i n t e r p r e t s  a MSC NASTRAN b u l k  d a t a  deck 
c o n t a i n i n g  GRID and CTRIA3 o r  CQUAD4 cards  and s u b s t i t u t e s  t h e  
cor respond ing  va lues  i n t o  COBSTRAN a r r a y s  GNP and K E I .  The NASTRAN 
deck shou ld  n o t  c o n t a i n  more than 504 g r i d  p o i n t s  o r  910 elements 
b u t  t h e  a c t u a l  g r i d  p o i n t  and element numbers may exceed these 
Val ues. 
The same c o n n e c t i v i t y  and mesh w i l l  be regenera ted  by 
COBSTRAN. The nodal th icknesses  used t o  eva lua te  t h e  nodal prop-  
e r t i e s  and number o f  p l i e s  a t  each node a r e  generated by read ing  
t h e  node th i cknesses  on t h e  CTRIA3 o r  CQUAD4 c o n t i n u a t i o n  c a r d  which 
must f o l l o w  t h e  corresponding CTRIA3 o r  CQUAD4 card .  
New MAT2 cards  w i l l  be generated f o r  t h i s  model acco rd ing  t o  
t h e  user  des ignated  p l i e s  and layup.  
E l i m i n a t e  Card Groups 8-9-10 and p u t  MSC NASTRAN b u l k  d a t a  
deck end ing  w i t h  t h e  ENDDATA c a r d  a t  t h e  end o f  t h e  preprocess ing  
deck. 
T h i s  o p t i o n  i s  u s e f u l  f o r  c o n v e r t i n g  models f rom MSC NASTRAN 
t o  COSMIC NASTRAN by s e l e c t i n g  t h e  COSMIC NASTRAN o p t i o n  f o r  ou t -  
p u t .  
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MSC/NASTRAN 
USAGE ---- PREPROCESSOR 
S O L I D  BLADE and SHELL/SPAR opt ions  
T h i s  opt ion  i n d i c a t e s  t h a t  t h e  f i n i t e  element model generated 
by COBSTRAN w i l l  be w r i t t e n  t o  t h e  temporary f i l e  designated by t h e  
user  as FORTRAN u n i t  54  and t h e  format w i l l  be i n  accordance w i t h  
t h e  fo l lowing;  
G R I D  C T R I A 3  PSHELL MAT 1 
TEMP CQUAD4 MAT2 
P LOAD 
M a t e r i a l  p roper ty  subroutine NASMAT w i l l  be used i f  t h i s  op- 
t i o n  i s  a c t i v e .  
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USAGE ---- PREPROCESSOR 
SOLID BLADE o p t i o n  o n l y  
T h i s  o p t i o n  i n d i c a t e s  t h a t  a COSMIC NASTRAN b u l k  d a t a  f i l e  i s  
a v a i l a b l e  and t h e  user  wants t o  reproduce t h e  model u s i n g  composites 
f rom t h e  DATABANK. COBSTRAN i n t e r p r e t s  a COSMIC NASTRAN b u l k  d a t a  
deck c o n t a i n i n g  GRID,  CTRIAZ, PTRIAZ, CQUADZ and PQUADZ cards  and 
s u b s t i t u t e s  t h e  cor respond ing  va lues  i n t o  COBSTRAN a r r a y s  GNP and 
K E I .  
o r  910 elements b u t  t h e  a c t u a l  g r i d  p o i n t  and element numbers may 
exceed these va lues .  
The NASTRAN deck shou ld  n o t  c o n t a i n  more than 504 g r i d  p o i n t s  
The same c o n n e c t i v i t y  and mesh w i l l  be regenera ted  by 
COBSTRAN. The nodal  th icknesses  used t o  eva lua te  t h e  nodal prop-  
e r t i e s  and number o f  p l i e s  a t  each node a r e  generated by averag ing  
t h e  element th i cknesses  f o r  each node. 
New MAT2 cards  w i l l  be generated f o r  t h i s  model acco rd ing  t o  
t h e  user  des igna ted  p l i e s  and layup.  
E l i m i n a t e  Card Groups 8-9-10 and p u t  COSMIC NASTRAN b u l k  da ta  
deck ending w i t h  t h e  ENDDATA c a r d  a t  t h e  end o f  t h e  preprocess ing  
deck. 
T h i s  o p t i o n  i s  u s e f u l  f o r  c o n v e r t i n g  models f rom 
COSMIC NASTRAN t o  MSC/NASTRAN by s e l e c t i n g  t h e  MSC/NASTRAN o p t i o n  
f o r  ou tpu t .  
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U R D E R  
. USAGE ---- PREPROCESSOR 
SOLID BLADE and SHELL/SPAR o p t i o n s  
COBSTRAN b u i l d s  a composi te b l a d e  model by d e f i n e d  patches 
o v e r  t h e  s u r f a c e  o f  t h e  b lade  and th rough  t h e  t h i c k n e s s  p roduc ing  
an i n t e g r a t e d  l a m i n a t i o n  model o f  t h e  e n t i r e  b l a d e  ( F i g u r e  10). 
Each p a t c h  i s  r e f e r r e d  t o  by a d e s i g n a t i o n  number determined by t h e  
o r d e r  i n  which i t  i s  d e f i n e d  i n  Card Group 11 o f  t h e  SOLID o p t i o n  
and Card Group 8 o f  t h e  SHELL/SPAR o p t i o n .  
Under t h e  SOLID  BLADE o p t i o n  t h i s  o p t i o n  i n d i c a t e s  t h a t  t h e  
u s e r  w i l l  p r o v i d e  as i n p u t  i n  Card Group 13 t h e  o r d e r  o f  t h e  p l y  
l ayup  u s i n g  t h e  p l y  d e s i g n a t i o n  numbers (see Card Group 11) s t a r t -  
i n g  a t  t h e  o u t e r  su r face  on t h e  p o s i t i v e  Z s i d e  and ending a t  t h e  
mid- th ickness l i n e .  
Under t h e  SHELL/SPAR o p t i o n  t h i s  o p t i o n  i n d i c a t e s  t h a t  t h e  
user  w i l l  p r o v i d e  as i n p u t  i n  Card Group 9 t h e  o r d e r  o f  t h e  p l y  
l ayup  u s i n g  t h e  p l y  d e s i g n a t i o n  numbers (see Card Group 8) s t a r t i n g  
a t  t h e  o u t e r  su r face  o f  t h e  b lade  s h e l l  and ending a t  t h e  mid- 
t h i c k n e s s  l i n e .  Layup a p p l i e s  o n l y  t o  t h e  b lade  s h e l l  elements. 
Only  one p l y  t y p e  may be des igna ted  f o r  each spar. A s u f f i c i e n t  
number o f  these p l i e s  w i l l  be generated t o  f i l l  t h e  spar t h i c k n e s s  
and t h e i r  o r i e n t a t i o n  w i l l  be a long  t h e  b lade  x-ax is .  The p l i e s  used 
f o r  each spar a r e  i n d i c a t e d  i n  NSPDES o f  c a r d  group 5 by p l y  des- 
i g n a t i o n  number. 
f i l l  h a l f  o f  t h e  t h i c k e s t  node. COBSTRAN w i l l  assume a symmetric 
p l y  l a y u p  and w i l l  f i l l  a l l  nodes s t a r t i n g  a t  t h e  o u t e r  s u r f a c e  t o  
t h e  h a l f - t h i c k n e s s  l i n e  and then  apply  symmetry. 
For  b o t h  op t i ons ,  s u f f i c i e n t  l a y e r s  should be des igna ted  t o  
NOTE: A ze ro  p l y  d e s i g n a t i o n  number may be i n c l u d e d  
w i t h i n  t h e  p l y  l ayup  o r d e r .  T h i s  f e a t u r e  a l l o w s  
f o r  t h e  removal o r  a d d i t i o n  o f  p l i e s  i n  t h e  l a y u p  
w i t h o u t  r e g e n e r a t i n g  t h e  e n t i r e  o r d e r .  
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C0)ISTANT THICKNESS PATCIES 
BUILT-UP THROUGH THE THICK- 
SECT I ON 
DEFINED OVER THE SuRFAtE 
AMD THROUGH THE THICKNESS 
COWSTAWT THICKMESS PATWS 
I /  L 
I I  I 
FIGURE 10. - COBSTRAN LMINATED PLATE WDEL. 
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USAGE ---- SOLID BLADE and SHELL/SPAR o p t i o n s  
T h i s  o p t i o n  i n d i c a t e s  t h a t  t h e  c a r d  groups t h a t  f o l l o w  a r e  i n  
t h e  o r d e r  r e q u i r e d  f o r  pos tprocess ing  t h e  da ta  e i t h e r  i n  t h e  SOLID 
BLADE or t h e  SHELL/SPAR o p t i o n  fo rmat .  
A minimum o f  pos tprocess ing  o p t i o n s  a r e  r e q u i r e d  because a l l  
necessary da ta  i s  r e t a i n e d  i n  t h e  temporary f i l e s  c r e a t e d  i n  p re-  
p rocess ing .  
I f  NASTRAN was t h e  f i n i t e  element a n a l y s i s  method used t h e  
COSMIC s t r e s s  o u t p u t  f i l e  must be i n  t h e  NASTRAN punch fo rmat .  
NASTRAN and MSC/NASTRAN generate t h e  same format f o r  t h e  punch f i l e .  
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PREPROCESSOR 
USAGE ---- S O L I D  BLADE and SHELL/SPAR options 
This option indicates that the card groups that follow are in 
the order required for preprocessing the data either in the S O L I D  
BLADE or the SHELL/SPAR option format. 
3-20 (8-31-88) 
PRESSURE 
USAGE ---- PREP ROC ES SOR 
S O L I D  BLADE and SHELL/SPAR options 
This option indicates that nodal pressure data are available 
on the grid point input data cards o f  Card Group 9 under the S O L I D  
BLADE option and Card Groups 12 & 14 under the SHELL/SPAR option. 
These pressures will be interpolated on both surfaces. The 
resultant on each element will be output on a NASTRAN ”PLOAD” bulk 
data card with S I D = 4 .  
Note: A blank will indicate zero pressure for 
interpolation purposes. 
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COBSTRAN User’s Manual 
W I L E  
USAGE ---- PREPROCESSOR 
SHELL/SPAR o p t i o n  o n l y  
Wi thou t  t h e  presence o f  t h i s  o p t i o n  c a r d  t h e  nodal i n p u t  p o i n t s  
a r e  assumed t o  be on t h e  o u t e r  su r face  o f  t h e  s h e l l .  COBSTRAN w i l l  
t hen  c o r r e c t  t h e  g r i d  p o i n t  p o s i t i o n  by moving them t o  t h e  mid-wal l  
p o s i t i o n  i n  a d i r e c t i o n  normal t o  t h e  sur face.  
T h i s  o p t i o n  w i l l  suppress t h i s  mid-wal l  c o r r e c t i o n  and w i l l  
r e t a i n  t h e  g r i d  p o i n t s  on t h e  e x t e r n a l  p r o f i l e  o f  t h e  s h e l l .  
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COBSTRAN User’s Manual 
PROPERTY INPUT 
. USAGE ---- PREPROCESSOR 
SOLID BLADE and SHELL/SPAR o p t i o n s  
T h i s  o p t i o n  i n d i c a t e s  t h a t  t h e  u n i d i r e c t i o n a l  l a y e r  p r o p e r t i e s  
a r e  known and w i l l  be use r -supp l i ed  i n p u t .  
Fo r  
CODES( 2) 
i g n a t i  on 
t h e  p l y  d e s i g n a t i o n  t o  be m o d i f i e d  CODES(1) = T300 and 
= SPOX w i t h  t h e  d e s i r e d  p r o p e r t i e s  i n d i c a t e d  by p l y  des- 
number i n  Card Group 15 o f  b o t h  t h e  SOLID and SHELL/SPAR 
I n t e r n a l l y  COBSTRAN m o d i f i e s  t h e  T300 f i b e r  p r o p e r t i e s  o p t i o n s .  
and t h e  SPOX m a t r i x  p r o p e r t i e s  t o  generate t h e  s p e c i f i e d  l a y e r  
p r o p e r t i e s .  
The use r  should check these r e s u l t a n t  l a y e r  p r o p e r t i e s  as 
generated i n  preprocess ing,  comparing o u t p u t  w i t h  i n p u t ,  and make 
adjustments t o  t h e  i n p u t  as needed. 
T h i s  procedure i s  based on m o d i f y i n g  a graphi te /epoxy p l y  and 
may n o t  be s u i t a b l e  f o r  o t h e r  m a t e r i a l s .  A p r e f e r r e d  method would 
be t o  c r e a t e  an e x t e r n a l  databank w i t h  p r o p e r t i e s  o f  s i m i l a r  mate- 
r i a l s  t a i l o r e d  t o  t h e  s p e c i f i c  problem. 
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USAGE ---- PREPROCESSOR and POSTPROCESSOR 
SOLID  BLADE and SHELL/SPAR o p t i o n s  
T h i s  o p t i o n  i s  used t o  c o n t r o l  t h e  p r i n t e d  o u t p u t  f rom t h e  
COBSTRAN program. 
For  preprocess ing,  t h e  absence o f  t h i s  o p t i o n  ca rd  w i l l  e l i m -  
i n a t e  t h e  nodal  p r o p e r t y  o u t p u t  b u t  r e t a i n  e s s e n t i a l  composi te 
model ing i n f o r m a t i o n .  
For  pos tp rocess ing ,  t h e  absence o f  t h i s  o p t i o n  c a r d  w i l l  r e -  
q u i r e  t h e  user  t o  s p e c i f y  node ranges a t  which o u t p u t  i s  d e s i r e d .  
Ten separate node groups may be s p e c i f i e d .  
The presence o f  t h i s  o p t i o n  c a r d  i n  p re -  and pos tp rocess ing  
w i l l  p r i n t  a l l  o u t p u t  f rom COBSTRAN. 
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- SOLID BLADE 
USAGE ---- PREPROCESSOR and POSTPROCESSOR o p t i o n s  
T h i s  o p t i o n  i n d i c a t e s  t h a t  t h e  c a r d  groups t h a t  f o l l o w  a r e  i n  
t h e  o r d e r  r e q u i r e d  f o r  p rep rocess ing  t h e  i n p u t  d a t a  f o r  a s o l i d  o r  
h o l l o w  b lade.  
The maximum number o f  p l i e s  f o r  each m a t e r i a l  i s  based on a 
percentage o f  t h e  t h i c k e s t  node o r ,  i f  t h e  p l y  o r d e r  i s  s p e c i f i e d ,  
i s  based on t h e  node t h i c k n e s s  and p l i e s  needed t o  
th i ckness .  
f i l l  t h a t  
For  o t h e r  nodes t h e  maximum number o f  p l i e s  o f  each m a t e r i a l  
i s  used s t a r t i n g  a t  t h e  su r face  u n t i l  t h e  t h i c k n e s s  i s  a t t a i n e d .  
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- SH E L L/S PAR 
USAGE ---- PREPROCESSOR and POSTPROCESSOR opt ions 
T h i s  opt ion  i n d i c a t e s  t h a t  t h e  card  groups t h a t  f o l l o w  a r e  i n  
t h e  order  requ i red  f o r  preprocessing t h e  d a t a  f o r  a b lade o f  t h i n  
s h e l l  const ruct ion  separated by p l a t e  type  spars a t  user se lec ted  
nodes. 
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- TEMPERATURE 
USAGE ---- PREPROCESSOR 
SOLID BLADE and SHELL/SPAR o p t i o n s  
T h i s  o p t i o n  i n d i c a t e s  t h a t  nodal temperature d a t a  a r e  a v a i l -  
a b l e  on t h e  g r i d  p o i n t  i n p u t  da ta  cards  o f  Card Group 9 under t h e  
SOLID BLADE o p t i o n  and Card Groups 12 & 14 under t h e  SHELL/SPAR 
o p t i o n .  
These temperatures w i l l  be i n t e r p o l a t e d  on b o t h  sur faces .  The 
r e s u l t a n t  a t  each node w i l l  be o u t p u t  on a NASTRAN "TEMP" b u l k  d a t a  
c a r d  w i t h  SID=3. 
Note: A b l a n k  w i l l  i n d i c a t e  zero temperature f o r  
i n t e r p o l a t i o n  purposes. 
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USAGE .---- PREPROCESSOR and POSTPROCESSOR 
S O L I D  BLADE and SHELL/SPAR opt ions  
A maximum o f  5 t i t l e  l i n e s  a r e  al lowed.  
Each t i t l e  l i n e  may have a maximum o f  74 characters  f o l l o w i n g  
t h e  equal s ign.  
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COBSTRAN IJser’s illanud 
- UNSYMMETRICAL PLYORDER 
- USAGE ---- PREPROCESSOR 
SOLID BLADE o p t i o n  o n l y  
T h i s  o p t i o n  i n d i c a t e s  t h a t  t h e  p l y  o r d e r  i s  n o t  symmetric and 
t h a t  Card Group 14 w i l l  be p rov ided  by t h e  user  t o  des igna te  t h e  
p l y  o r d e r  o f  t h e  oppos i te  h a l f  o f  t h e  b lade  s t a r t i n g  a t  t h e  o u t e r  
su r face  on t h e  nega t i ve  Z s ide .  
COBSTRAN w i l l  f i l l  each node f rom t h e  o u t e r  su r face  t o  t h e  node 
h a l f - t h i c k n e s s  l i n e .  
When t h i s  o p t i o n  i s  a c t i v a t e d  t h e  PLYORDER o p t i o n  i s  automat- 
i c a l l y  a c t i v a t e d .  
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USAGE ---- PREPROCESSOR 
SHELL/SPAR option only 
This option indicates that all of the spars will not be modeled 
normal to the mid-chord line. Therefore, spar locations relative 
to the leading edge will be required for both upper and lower sur- 
face of the shell structure. 
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User C o n t r o l l e d  Parameters 
Card Group 4 -- Preprocess ing SOLID and SHELL/SPAR o p t i o n s  
S e l e c t  t h e  fo rma t  f o r  t h e  NASTRAN m a t e r i a l  cards.  Purpose 
I MA 
I MA 
=1 A n i s o t r o p i c  m a t e r i a l  p r o p e r t i e s  a r e  based on 
reduced a x i a l  s t i f f n e s s .  A separate MAT2 c a r d  
i s  generated f o r  each element. 
=2 A n i s o t r o p i c  m a t e r i a l  p r o p e r t i e s  a r e  based on 
reduced bending s t i f f n e s s .  A separate MAT2 c a r d  
i s  generated f o r  each element. 
IMAT=3 A n i s o t r o p i c  m a t e r i a l  p r o p e r t i e s  a r e  i n p u t  i n  
Card Group 16. An i d e n t i c a l  MAT2 c a r d  i s  
generated f o r  each element. 
IMAT=4 I s o t r o p i c  m a t e r i a l  p r o p e r t i e s  a r e  i n p u t  i n  
Card Group 16. An i d e n t i c a l  MAT1 c a r d  i s  
generated f o r  each element. 
IMAT=5 A n i s o t r o p i c  m a t e r i a l  p r o p e r t i e s  a r e  based on 
reduced a x i a l  s t i f f n e s s  and reduced bending 
s t i f f n e s s .  Two separate MAT2 ca rds  a r e  
generated f o r  each element. 
IMAT=6 A n i s o t r o p i c  m a t e r i a l  p r o p e r t i e s  a r e  based on 
reduced a x i a l  s t i f f n e s s ,  reduced bending 
s t i f f n e s s  and t r a n s v e r s e  shear s t i f f n e s s .  Three 
separate MAT2 ca rds  a r e  generated f o r  each 
element. 
IMAT=7 A n i s o t r o p i c  m a t e r i a l  p r o p e r t i e s  a r e  based on 
a x i a l  s t i f f n e s s ,  bending s t i f f n e s s  and 
c o u p l i n g  s t i f f n e s s .  Three separate MAT2 ca rds  
a r e  generated f o r  each element. 
IMAT=8 A n i s o t r o p i c  m a t e r i a l  p r o p e r t i e s  a r e  based on 
a x i a l  s t i f f n e s s ,  bending s t i f f n e s s ,  t r a n s v e r s e  
shear s t i f f n e s s  and c o u p l i n g  s t i f f n e s s .  Four 
separate MAT2 ca rds  a r e  generated f o r  each 
e l  emen t . 
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Card Group 6 -- Preprocess ing  SOLID o p t i o n  o n l y  
Purpose S e l e c t  t h e  fo rmat  f o r  b lade  c o o r d i n a t e  i n p u t .  
I G R D = l  D i v i d e  t h e  X-axis i n t o  equal increments 
acco rd ing  t o  I U  and t h e  Y-axis i n t o  equal 
inc rements  acco rd ing  t o  JU -- I n t e r p o l a t e  
o t h e r  va lues  u s i n g  sub rou t ine  INTRPL 
I U  = Number o f  d e s i r e d  X s e c t i o n s  o u t p u t  
JU = Number o f  d e s i r e d  Y p o i n t s  p e r  s e c t i o n  
Max = 36 
o u t p u t .  Max = 14 
(JU must be an odd va lue  i f  MESH = 1) 
NSECT = Number o f  X s e c t i o n s  i n p u t  -- Max = 30 
MSECT(J) = Number o f  Y p o i n t s  i n p u t  f o r  each 
X s e c t i o n  -- Max = 20 
( X  and Y va lues  must be i n  ascending o rde r )  
IGRD=2 Use t h e  i n p u t  increments o f  X and Y as f i n a l  va lues  
I U  = Number o f  X s e c t i o n s  o f  i n p u t  -.- Max = 36 
JU = 1 I F  MESH = 2 
J U  = MSECT(J) I F  MESH = 1 o r  4 
NSECT = Number o f  X s e c t i o n s  i n p u t  -- Max = 36 
MSECT(J) = Number o f  Y p o i n t s  i n p u t  f o r  each 
X s e c t i o n  -- Max = 14 
( I F  MESH=l MSECT(J) must be odd and t h e  same 
( I F  MESH=2 MSECT(J) may va ry  by one p e r  s e c t i o n  
( I F  MESH=4 MSECT(3) same f o r  each s e c t i o n  
va lue  f o r  each x -sec t i on )  
( Y  va lues  must be i n  ascending o rde r )  
IGRD=3 Same as IGRD=2 except  t h e  i n p u t  va lues  are :  
X,Y,Z,TB,TU,TL,PU,PL 
Maximum number o f  g r i d  p o i n t s  = 504 
Maximum number o f  elements = 910 
IGRD=4 Same as I G R D = l  except  t h e  i n p u t  va lues  are :  
X,Y,Z,TB,TU,TL,PU,PL 
See F igu re  8 
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Card Group 6 -- Preprocess ing 
Purpose 
SOLID o p t i o n  o n l y  
S e l e c t  t h e  mesh p a t t e r n  f o r  a s o l i d  b lade.  
MESH=l T r i a n g u l a r  elements a r e  generated w i t h  d iagona l  
s i d e s  symmetric about t h e  b l a d e  c e n t e r  l i n e  
MESH=2 T r i a n g u l a r  elements a r e  generated w i t h  d iagona l  
s i d e s  a l t e r n a t i n g  across t h e  b lade  
* MESH=3 T r i a n g u l a r  elements a r e  generated w i t h  
t h r e e  c o r n e r  and t h r e e  mid-s ide nodes 
MESH=4 Q u a d r i l a t e r a l  elements a r e  generated 
* Not  recommended f o r  VERSION 1.2 (Untested o p t i o n )  
See F i g u r e  9 
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Card Group 4 -- Postprocess ing SOLID and SHELL/SPAR o p t i o n s  
Purpose S e l e c t  t h e  method used t o  determine t h e  
s t r a i n  m a g n i f i c a t i o n  f a c t o r .  
KSMF=O D e f a u l t  * 
KSMF=l P a r a b o l i c  s t r a i n  d i s t r i b u t i o n  method 
KSMF=2 D a n i e l ' s  i n d i r e c t  method 
KSMF=3 K i e s '  s two-dimensional method 
KSMF=4 L i n e a r  s t r a i n  d i s t r i b u t i o n  method 
* Default  uses K i e s ' s  two-dimensional method u n l e s s  
i t s  v a l u e  i s  g r e a t e r  than 1.5 t i m e s  t h e  L i n e a r  s t r a i n  
d i s t r i b u t i o n  method. I f  t h i s  i s  so, t hen  t h e  L i n e a r  
s t r a i n  d i s t r i b u t i o n  method i s  used. 
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DATABANK 
An i n t e r n a l  databank i s  p r o v i d e d  w i t h  t h e  COBSTRAN code which 
c o n t a i n s  c o n s t i t u t i v e  p r o p e r t i e s  o f  21  f i b e r  types,  17 m a t r i x  t ypes  
and c o r r e l a t i o n  c o e f f i c i e n t s  f o r  31  f i b e r / m a t r i x  combinat ions.  
T h i s  p r o p e r t y  databank i s  p rov ided  f o r  user  i n f o r m a t i o n  and gu id -  
ance o n l y  and no r e s p o n s i b i l i t y  i s  assumed by t h e  au tho rs  as t o  
accuracy o r  cur rency  o f  t h e  va lues.  A l l  p r o p e r t i e s  a r e  i n  customary 
U.S. u n i t s .  The i n t e r n a l  databank i s  l i s t e d  i n  t h i s  sec t i on .  
For a user  supp l i ed  databank, a fo rmat  and d e f i n i t i o n  o f  
p r o p e r t i e s  i s  p rov ided  i n  t h i s  sec t i on .  T h i s  databank shou ld  be 
ma in ta ined  i n  a separate f i l e  wh ich  i s  re fe renced  t o  FORTRAN u n i t  
KDBANK ( S e c t i o n  5 Opera t i ona l  Procedures). The databank must be 
assembled w i t h  a l l  f i b e r  t ypes  f i r s t ,  t hen  a l l  m a t r i x  t ypes  f o l l o w e d  
by a l l  c o r r e l a t i o n  c o e f f i c i e n t  se ts .  
COBSTRAN p rov ides  a h i e r a r c h i a l  approach t o  databank 
aqu i  s i  t i o n .  
a) The user  s u p p l i e d  databank i s  searched f o r  t h e  
f i b e r  and m a t r i x  p r o p e r t i e s  requested.  
b) The i n t e r n a l  databank i s  searched f o r  those 
p r o p e r t i e s  n o t  found i n  t h e  user  s u p p l i e d  
databank. 
The source o f  t h e  p r o p e r t i e s  i s  i n d i c a t e d  i n  t h e  o u t p u t .  
The DATABANK i s  r e q u i r e d  i f  t h e  parameter IMAT i s  s e l e c t e d  as 
1,2,5,6,7 o r  8 (see Sec t ion  3 f o r  IMAT o p t i o n s )  
I f  o n l y  t h e  i n t e r n a l  databank i s  t o  be used, t h e  user  s u p p l i e d  
databank should c o n t a i n  t h r e e  l i n e s  w i t h  z e r o  on each l i n e .  
COBSTRAN w i l l  search t h i s  databank f i r s t .  An e x t e r n a l  databank of  
some f o r m  i s  always r e q u i r e d .  
A l s o ,  an o p t i o n  i s  a v a i l a b l e  i n  which user  s p e c i f i e d  
u n i d i r e c t i o n a l  l a y e r  p r o p e r t i e s  a r e  s u p p l i e d  i n p u t .  COBSTRAN w i l l  
mod i f y  T300 f i b e r  p r o p e r t i e s  and SPOX m a t r i x  p r o p e r t i e s  genera t i ng  
t h e  s p e c i f i e d  l a y e r  p r o p e r t i e s .  See PROPERTY INPUT o p t i o n ,  
S e c t i o n  3. 
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COBSTRAN I n t e r n a l  Databank 
A v a i l a b l e  F i b e r  P r o p e r t i e s  
Code Type Date Reference 
ALT6 
NIKL 
HG LA 
FOAM 
T300 
MOD2 
MOD 1 
HM-S 
HT-S 
AS-- 
BOR4 
SG LA 
KEVL 
HV-S 
BOR5 
BOR8 
EG LA 
SW4M 
TITF 
ADH F 
HOLO 
I so 
I so 
I so 
ANIS  
A N I S  
ANIS 
A N I S  
ANIS  
A N I S  
I so 
I so 
A N I S  
ANIS  
I so 
I so 
I so 
I so 
I so 
I so 
8-01-83 
8-12-83 
10-1 1-83 
8-08-83 
10-26-79 
06-15-72 
06-15-72 
06-15-72 
06-15-72 
06-15-72 
11-07-73 
11-07-73 
11-07-73 
06-15-72 
04-1 1-74 
04-1 1-74 
04-11-74 
02-10-75 
01-25-77 
01-25-77 
03-20-79 
NO REF 
NO REF 
CROSS WEAVE FOR SR7 PROP 
CROSS WEAVE FOR SR7 PROP 
NO REF. 
NO REF. 
NO REF. 
NO REF. 
NO REF. 
NO REF. 
NO REF. 
NO REF. 
NO REF. 
NO REF. 
NO REF. 
NO REF. 
NO REF. 
NO REF. 
NO REF. 
NO REF. 
NO REF. 
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COBSTRAN I n t e r n a l  Databank con t inued  
A v a i l a b l e  M a t r i x  P r o p e r t i e s  
Code Type Date Reference 
SPOX 
GK60 
FOAM 
NIKL 
EPOX 
ERLA 
POLY 
ALT6 
TIT6 
EPOC 
SSAL 
GV60 
PMRP 
BERY 
NM40 
FMTH 
HO LO 
IS0 9-26-80 
11-27-72 
8-08-83 
8-12-83 
IS0 06-15-72 
4617 06-15-72 
06-15-72 
11-07-73 
11-07-73 
11-12-73 
11-12-73 
11-27-72 
06-20-74 
07-10-74 
02-10-75 
01-25-77 
03-20-79 
FOR COMPOSITE PROPERTY INPUT BY USER 
( O R I G  MOD SR2C BLADE) 
FOR SR7 MODEL (SR7A 5-23-84) 
NO REF. 
NO REF. 
NO REF. 
MAT.ENG.1967 
NO REF. 
MAT.ENG.1967 
MFCA DATA 
NO REF. 
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Av il 
COBSTRAN I n t e r n a l  Databank c o n t i n u e d  
b l e  F i b e r / M a t r i x  Combinations 
F i  be/Matr Date Reference 
T300/SPOX 
T300/EPOX 
A LT6/A LT6 
N I KL/N I KL 
HGLA/EPOX 
FOAM/ FOAM 
HT-S/GK60 
MOD WEPOX 
MODZ/EPOX 
MODZ/POLY 
HM-S/EPOX 
HT-S/EPOX 
MOD 1/POLY 
HT-S/POLY 
BOR4/EPOX 
SGLA/EPOX 
KEVL/EPOC 
HV-S/GV60 
HT-S/PMRP 
BOR4/ALT6 
KEVL/T I T6 
MODUBERY 
BOR5/EPOX 
KEV L/EPOX 
SW4M/NM40 
HERC/SSAL 
BOR5/ALT6 
TITF/TIT6 
ADHF/FMTH 
HERWEPOX 
HO LO/HO LO 
9-26-80 FOR COMPOSITE PROPERTY INPUT BY USER 
10-26-79 
8-01-83 
8-12-83 
10-11-83 CROSS WEAVE FOR SR7 PROP 
8-08-83 
11-27-72 
06-15-72 
06-15-72 
06-15-72 
06-15-72 
06-15-72 
06-15-72 
06-15-72 
11-07-73 
11-07-73 
11-12-73 
11-27-72 
06-20-74 
11-07-73 
07-10-74 
07-10-74 
02-04-75 
02-04-75 
02-10-75 
02-04-75 
01-25-77 
01-25-77 
01-25-77 
01-25-77 
03-20-79 
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User Suppl ied Databank Format 
F i b e r  P r o p e r t i e s  
NDUMl (number o f  f i b e r  d a t a  se ts )  I 2  
The f o l l o w i n g  s i x  l i n e s  a re  repeated NDUMl t imes .  
DUN1 (name o f  f i b e r )  A4 
NDUNl,DUN2 (No. o f  f i b e r s  p e r  bundle,  16, F10.3 
f i b e r  d iameter)  
NDUM2 (No. o f  temp d a t a  s e t s  p e r  f i b e r )  I 2  
TEMP,RHO,Ell,E22,NUl2,NU23,G12,G23, 8F10.3 
ALPHA11,ALPHA22,K11,K22,HC,Sllt,Sllc,S22t, 8F10.3 
s22c,s12s,s23s 8F10.3 
TEMP 
RHO 
E l l  
E22 
NU12 
NU23 
G12 
G23 
ALPHA1 1 
A LPHA2 2 
K 1 1  
K22 
HC 
S l l t  
S l l c  
S22t 
s22c 
s12s 
S23 s 
Temperature a t  which d a t a  determined OF 
Weight d e n s i t y  l b / i n 3  
l b / i n 2  Modulus t e n s i o n  
Po isson ' s  r a t i o  
Shear modulus l b / i n 2  
t ransve rse  II 
r a t i o  II 
II II II 
Thermal expansion c o e f f i c i e n t  
II II II 
II c o n d u c t i v i t y  BTU/ h r 
II II 
Heat  c a p a c i t y  
S t reng th - tens ion  
compression 
t e n s i o n  
compression 
I' shear 
II II 
i n / i  n/OF 
f t2  "F/ in  
BTU/lb "F 
1 b / i n 2  
II 
II 
II 
ll 
II 
II 
II 
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User Supp l i ed  Databank Format con t inued  
NDUMl (No. o f  
The f o l l o w  
DUN1 (Name o f  
NDUM2 (No. of  
M a t r i x  P r o p e r t i e s  
m a t r i x  d a t a  se ts )  I2 
ng f o u r  l i n e s  a r e  repea ted  NDUMl t imes  
m a t r i  x) A4 
I2 temp d a t a  s e t s  p e r  m a t r i x )  
TEMP,RHO,E,NU,ALPHA,Km,HC,Kv, 8F10.3 
St,Sc,Ss,SIGMAt,SIGMAc,SIGMAs,SIGMAtor 8F10.3 
TEMP Temperature a t  which d a t a  determined OF 
RHO Weight d e n s i t y  l b / i n 3  
E Modulus 1 b / i  nz  
NU Poi  sson' s r a t i o  
ALPHA Thermal expansion c o e f f i c i e n t  i n / i  n/OF 
Km I' c o n d u c t i v i t y  BTU/hr f t2  OF/i n 
HC Heat c a p a c i t y  BTU/1 b 'F 
Kv Thermal c o n d u c t i v i t y  ( v o i d )  BTU/hr f t2  OF/in 
S t reng th - tens ion  1 b / i  nz S t  
sc 
shear s s  
S I G M A t  S t r a i n - t e n s i o n  
S I GMAc 
SIGMAS 
SIGMAtor I' t o r s i o n  
II compression II 
II II 
II 
II 
II 
II 
I' compression 
I' shear 
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C o r r e l a t  
NDUMl (No. o f  C/C d a t a  
on Coe f f  
se ts )  
User Supp l i ed  Databank Format c o n t i n u e d  
c i e n t s  
I2 
The f o l l o w i n g  s i x  l i n e s  a r e  repeated NDUMl t imes.  
DUNl ,  DUN2 ( F i b e r  name/Matri x name) A4, 1X,A4 
B f  , Bm, B ' f , B' m, B" f , B"m , 
Bfb,Bmb,Bkl,Bk2,Bk3,Bkv, 
Bft,Bfc,Bmt,Bmc;B22tyBZ2c, 
B12s,B23s,al,a2,Bdel,Bt, 
K'112tt,K'112ct,K1112cc,K'112tc,Bh 
8F10.3 
8F10.3 
8F10.3 
8F10.3 
8F10.3 
a l ,a2 
Bde 1 I n t e r p l y  de lamina t ion  l i m i t  s t r a i n  
Bf-Bm Ex tens iona l  modul i  and Po isson ' s  r a t i o  
B ' f -B 'm Ply shear modul i  G112 & 6113 c o r r e l a t i o n  
B"f-B"m 
B f  b-Bmb 
Bfc-Bmc L o n g i t u d i n a l  compressive s t r e n g t h  c o r r e l a t i o n  
Bft-Bmt L o n g i t u d i n a l  t e n s i l e  - s t r e n g t h  c o r r e l a t i o n  
Bh 
B t  
Bkv M a t r i x  v o i d  c o n d u c t i v i t y  c o r r e l a t i o n  
B k l  Ply K l l l  c o n d u c t i v i t y  c o r r e l a t i o n  
Bk2 Ply K122 c o n d u c t i v i t y  c o r r e l a t i o n  
Bk3 Ply K133 c o n d u c t i v i t y  c o r r e l a t i o n  
B22c Transverse compressive s t r e n g t h  c o r r e l a t i o n  
822 t Transverse t e n s i l e  s t r e n g t h  c o r r e l a t i o n  
B12s I n t r a l a m i n a r  shear s t r e n g t h  c o r r e l a t i o n  
B23s Transverse shear s t r e n g t h  c o r r e l a t i o n  
C o e f f i c i e n t s  f o r  a l t e r n a t e  method t o  compute 
p l y  l o n g i t u d i n a l  compressive s t r e n g t h  
S l l l c d  = a1 * (S112s) + a2 
c o r r e l a t i o n  w i t h  measured va lues  
Ply shear modulus 6123 c o r r e l a t i o n  
R a t i o  o f  t h i ckness - to -w id th  o f  t h e  r e c t a n g l e  
formed by an i n - s i t u  end o r  tow o f  f i b e r s  
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User Suppl ied Databank Format cont inued 
C o r r e l a t i o n  C o e f f i c i e n t s  cont inued 
Combined-stress s t rength  c o r r e l a t i o n  
K '  1 1 2 t t  Tension-tension 
K '  112ct  Compression-tension 
K '  112cc Compression-compression 
K'11Etc  Tension-compression 
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OPERATIONAL PROCEDURES 
A l l o c a t i o n  o f  COBSTRAN Data F i l e s  
The f o l l o w i n g  FORTRAN I / O  u n i t s  a r e  i n i t i a l l y  programmed 
i n  Subrout ine  C I N I T .  These may be reass igned acco rd ing  t o  
s i t e  requ i rements  by mod i f y ing  t h i s  subrout ine .  
FORTRAN 
Code 
KREAD 
KOUT 
KD I AG 
KDESl  
K K E I  
KBU LK 
KTTAB 
KDESZ 
KPROPl  
KGN P 
KDBAN K 
KPROP2 
KREFL 
KP LOT 
U n i t  No. F i l e  con ten ts  
5 . . . I n p u t  ( read)  u n i t  
6 . . . Output  ( w r i t e )  u n i t  
6 . . . D iagnos t i c  o u t p u t  ( w r i t e )  u n i t  
52 . . . THERMO, MDES, THHF, NLEP 
53 . . . KEI ,  CODES, FP, MP, CORC, DF, NF, NT, 
NP, NE, NPAST, NOPLY, NMODE, MESH, 
PRES, NYPTS, GNP, PROT, NPD 
54 . . . COBSTRAN generated f i n i t e  element b u l k  d a t a  
57 . . . TTAB (Preprocess ing SHELL/SPAR o p t i o n )  
58 . . . THERMO, MDES, THHF, NLEP 
59 . . . EP, THP, THF, AS, CS, BS, RA, RB, DENS 
60 . . . GNP, IGRD, I U ,  JU, MSECT 
6 1  . . . DATABANK ( read)  u n i t  
62 . . . EP, THP, THF, AS, CS, BS, RA, RB, DENS 
63 . . . For i n p u t  d a t a s e t  r e f l e c t i o n  
64 . . . NASTRAN PLOTEL b u l k  da ta  
SHL (Pos tprocess ing  SOLID BLADE o p t i o n )  
Note: For  t h e  SHELL/SPAR o p t i o n  U n i t  KDESZ and U n i t  KPROPZ a r e  
o v e r w r i t t e n  d u r i n g  each c y c l e  and U n i t  KDESl  c o n t a i n s  t h e  f u l l  
v e r s i o n  o f  U n i t  KDES2 and U n i t  KPROPl c o n t a i n s  t h e  f u l l  v e r s i o n  o f  
U n i t  KPROPZ. For pos tprocess ing ,  f i l e s  KDES1, K K E I  and KGNP f rom 
p rep rocess ing  must be a v a i l a b l e  t o  COBSTRAN i n  a d d i t i o n  t o  NASTRAN 
s t r e s s  o u t p u t  i n  t h e  punched fo rmat .  
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CRAY X-MP Procedure 
UNICOS 3.0 CFT77 
F i l e  Assignments and Network Queuing System (NQS) Deck Set-up 
A t y p i c a l  set-up f o r  e x e c u t i n g  COBSTRAN on t h e  CRAY X-MP 
UNICOS 3.0 i s  shown. COBSTRAN i n p u t  f i l e s  a r e  f e t c h e d  f rom t h e  us- 
e r ' s  VM account by s p e c i f y i n g  f i l e  name, f i l e  type, and address by 
m i n i - d i s k  number. 
# USER=userid PW=password 
# QSUB -r P LAT05 # j o b  name 
# QSUB - l M  l . O m w  # c e n t r a l  memory 
# QSUB -eo # combine s t d e r r  and s t d o u t  
# QSUB - l T  0O:Ol:OO # s e t  CPU t i m e  l i m i t  seconds 
c d  $HOME 
s e t  -xk 
f e t c h  f o r t . 0 5  -mUX -t'fn=PREPl,ft=DEMO,addr=192' 
touch f o r t .  06 
touch f o r t . 5 4  
f e t c h  f o r t  . 61  -mUX -t ' f n=DBANKO , f t=DEMO, addr=192 ' 
/aerospace/smaiello/cob88x.abs < f o r t . 0 5  
touch  f o r t .  52 
t ouch  f o r t . 5 3  
touch  f o r t . 6 0  
f e t c h  nasdeck -mUX -t'fn=NASTl,ft=DEMO,addr=l92' 
d ispose  f o r t . 0 6  -mUX -t'fn=PLAT05,ft=listing,addr=19lt 
c a t  f o r t . 5 4  >> nasdeck 
touch  f o r t . 0 1  
touch  f o r t . 1 0  
r p k n a s t  in=nasdeck out=nastout  
d i spose  n a s t o u t  -mUX -t'fn=nastran,ft=listing,addr=191' 
d ispose  f o r t . 1 0  -mUX -t'fn=nastran,ft=plotfil,addr=19lt 
f e t c h  p o s t d  k -mUX -t I f n=NASTl , f t=DEMO, addr=192 I 
c a t  f o r t . 0 1  >> pos tdk  
I n  pos tdk  f o r t . 0 5  
d ispose f o r t . 1 0  -mUX -t'fn=PLAT05,ft=plotrpk,addr=191' 
/aerospace/smaiello/cob88x.abs < f o r t . 0 5  
d ispose f o r t . 0 6  -mUX -t'fn=PLATO5,ft=listing,addr=l91' 
r m  f o r t . *  
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I f I MAT=3 
A( 1) 
A(2) 
N 3 )  
A(4) 
A(5) 
A(6) 
A( 1) 
A(2) 
A(3) 
A(4) 
A( 5) 
A(6) 
I f I MAT=4 
AB 
ALPHA 
ALPP 
ANG 
AS 
AX 
AY 
AZ 
A 1  
A2 
BIDE 
BS 
cc 
CH 
CHORD 
CODES( 1) 
CODES( 2) 
CODES( 3) 
CODES( 4) 
CODES( 5) 
CODES( 6) 
CONE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
BOO LEAN 
REAL 
REAL 
CHARACTER 
CHARACTER 
CHARACTER 
CHARACTER 
REAL 
REAL 
REAL 
REAL 
BOO LEAN 
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G11-- 
612 
613 
G22 
G23 
633-- 
Symmetr i c 
s t r e s s / s t r a i  n 
r e l a t i o n s h i p s  
E-Youngs modulus 
G-Shear modulus 
NU-Poisson’s r a t i o  
RHO-Mass d e n s i t y  
Thermal expansion c o e f f i c i e n t  
Thermal expansion r e f .  temperature 
A n a l y s i s  s t i f f n e s s  m a t r i x  
M a t r i x  o f  d i r e c t i o n  angles between 
b lade  c o o r d i n a t e  and g l o b a l  c o o r d i n a t e  
systems (angles i n  degrees) 
Thermal expansion c o e f f i c i e n t s  
Ply o r i e n t a t i o n  ang le  
A x i a l  s t i f f n e s s  m a t r i x  
Thermal expansion c o e f f .  v e c t o r  
Thermal expansion c o e f f .  v e c t o r  
Thermal expansion c o e f f .  v e c t o r  
L o n g i t u d i n a l  thermal  expansion c o e f f .  
Transverse thermal  expansion c o e f f .  
True f o r  i n t e r p l y  l a y e r  e f f e c t s  
Bending s t i f f n e s s  m a t r i x  
C o r r e l a t i o n  c o e f f i c i e n t s  
Character  s t r i n g  t o  be eva lua ted  
A l t e r n a t e  i n p u t  name f o r  JU 
Type o f  p l y  f i b e r  
Type o f  p l y  m a t r i x  
Ply t h i c k n e s s  
Void volume r a t i o  
F i b e r  volume r a t i o  
Ply o r i e n t a t i o n  ang le  (Degrees) 
True i f  con ing  ang le  i s  s p e c i f i e d  
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COR 
CORC 
COSD 
COSMIC 
cs 
CS FC 
CTE l l  
CTE22 
CTE33 
DELFC 
DELTA 
DEN 
DENS 
DF 
D I S V  
D I S V l  
DUM 
DUMMl 
DUMMY 
DUMP 
DYNA 
E l  
E2 
ECHO 
EL1 1 
EL22 
EL33 
EP 
E P S l l  
EPS12 
EPS22 
EX 
EZREAD 
FC 
FP 
FPT 
F1 
REAL 
REAL 
BOO LEAN 
BOOLEAN 
REAL 
REAL 
REAL --- 
REAL 
F i  b e r / m a t r i x  c o r r e l a t i o n  c o e f f i c i e n t s  
read  f rom t h e  i n t e r n a l  databank 
F i b e r h a t r i x  c o r r e l a t i o n  c o e f f i c i e n t s  
True f o r  COSMIC NASTRAN deck i n p u t  
Generate COSMIC NASTRAN b u l k  d a t a  
Coupl ing s t i f f n e s s  m a t r i x  
Combined-stress s t r e n g t h  c r i t e r i o n  
.- I 
1 -  Ply thermal  expansion c o e f f i c i e n t  
REAL ----I 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
BOOLEAN 
BOOLEAN 
REAL 
REAL 
BOOLEAN 
REAL ---- 
REAL 
REAL ---- 
REAL 
REAL ---- 
REAL 
REAL ---- 
REAL 
BOO LEAN 
REAL 
REAL 
REAL 
REAL 
I n t e r p l y  d e l a m i n a t i o n  c r i t e r i o n  
Ply and i n t e r p l y  l a y e r  t h i c k n e s s  
A r r a y  o f  nodal d e n s i t i e s  
Ply d e n s i t y  
Diameter o f  f i b e r  bundle 
A r r a y  o f  g r i d  p o i n t  d isp lacements 
A r r a y  o f  g r i d  p o i n t  d isp lacements 
A r r a y  o f  nodal shear f o r c e s  
Dummy a r r a y  
Dummy a r r a y  
True f o r  composi te databank ou tpu t  
True i f  dynamic s t r e s s e s  f rom 
NASTRAN o u t p u t  a r e  t o  be read  i n t o  
p o s t  p rocess ing  
L o n g i t u d i n a l  modul us 
Transverse modulus 
True f o r  i n p u t  d a t a s e t  r e f l e c t i o n  
- Ply e l a s t i c  c o n s t a n t s  
E l a s t i c  p r o p e r t y  m a t r i x  
- Ply a p p l i e d  s t r a i n s  
Thermal expansion c o e f f i c i e n t s  
True f o r  u s e r - f r i e n d l y  i n p u t  f o r m a t  
A r r a y  o f  minimum p l y  F a i l u r e  C r i t e r i a  
a t  each g r i d  p o i n t  
A r r a y  o f  f i b e r  p r o p e r t i e s  read  
f rom t h e  i n t e r n a l  databank 
Ply f i b e r  p r o p e r t i e s  
Diameter o f  f i b e r  bundle DN r e t u r n e d  t o  
s u b r o u t i n e  BANKRD f rom s u b r o u t i n e  BANKFB 
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GA 
GB 
GE 
GNP 
612 
GL12 
GL13 
GL23 
H FC 
HHCL 
HK11 
HK22 
HK33 
HOLD( I )
HOLLOW 
I 
I D  
I F  
IGRD 
I11 
I LDC 
I LMFC 
I MAT 
I O P T  
I PAR 
I T  
I U  
I U X X  
I X  
I 1  
REAL Coord inates o f  p o i n t  A 
REAL Coord inates o f  p o i n t  B 
REAL S t r u c t u r a l  element damping 
c o e f f i c i e n t  
REAL Nodal coordinates, th icknesses,  
temperatures and p ressu res  
REAL Shear modulus 
REAL ----I 
REAL I -  Ply e l a s t i c  cons tan ts  
REAL ----I 
REAL Hoffman's f a i l u r e  c r i t e r i o n  
REAL Ply heat  c a p a c i t y  
REAL ----I 
REAL I -  Ply heat  c o n d u c t i v i t i e s  
REAL ----I 
REAL 
BOO LEAN 
A r r a y  o f  user  s u p p l i e d  m a t e r i a l  
p r o p e r t i e s  i f  IMAT = 3 o r  4 
True f o r  h o l l o w  b lade  model ing 
INTEGER 
CHARACTER 
INTEGER 
INTEGER 
INTEGER 
REAL 
REAL 
INTEGER 
C HARACT E R 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
REAL 
General do l o o p  index 
I n  MIDWAL i=l pressure  s u r f a c e  
I n  MIDWAL i=2  s u c t i o n  s u r f a c e  
A r r a y  o f  f i v e  TITLE l i n e s  
Code i n d i c a t i n g  where t h e  F i b e r -  
M a t r i x - C o r r e l a t i o n  c o e f f .  were o b t a i n e d  
Gr id  p o i n t  i n p u t  o p t i o n s  
See S e c t i o n  3 Users Manual 
Index o f  t h e  number o f  t h e  x - s e c t i o n  
NXSECT i n  SHELL/SPAR o p t i o n  
I n t e r p l y  l a y e r  d i s t o r t i o n  
energy c o e f f i c i e n t  
I n t e r p l y  de lamina t ion  f a c t o r  
M a t e r i a l  p r o p e r t y  g e n e r a t i o n  o p t i o n s  
f o r  NASTRAN see Sec t ion  3 Users Manual 
A r r a y  o f  user selected options 
f o r  summary output 
Parameter 0, 1 o r  2 f o r  f r e e - f i e l d  
r e a d i n g  o p t i o n s  i n  sub rou t ine  FFREAD 
A r r a y  o f  i n t e g e r  va lues  
Number o f  x -sec t i ons  o u t p u t  
See Sec t ion  3 o f  t h e  Users Manual 
A l t e r n a t e  f o r  I U  
Ply d e s i g n a t i o n  number 
Temperature o f  t h e  f i b e r  p r o p e r t i e s  
NT r e t u r n e d  t o  sub rou t ine  BANKRD 
f rom s u b r o u t i n e  BANKFB 
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I 2  
J 
J U  
JUYY 
K 
KAD 
KBULK 
KDBANK 
KDESl 
KDES2 
KEI( I, J) 
KF 
KFB 
KGN P 
KGRD 
KKEI 
KL12AB 
KM 
KMB 
KMHFOR 
KOUT 
KP LOT 
KPOST 
KPROPl 
KPROP2 
KREAD 
REAL 
INTEGER 
INTEGER 
CHARACTER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
REAL 
REAL 
INTEGER 
INTEGER 
INTEGER 
REAL 
REAL 
REAL 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
~ 
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Number o f  f i b e r s  i n  a bundle NF 
r e t u r n e d  t o  sub rou t ine  BANKRD 
f rom subrou t ine  BANKFB 
General do l oop  index  
Number o f  y p o i n t s  p e r  x -sec t i on  o u t p u t  
See Sec t ion  3 Users Manual 
A l t e r n a t e  f o r  J U  
General do l oop  index  
index  on NNSECT (number o f  s e c t i o n s  
o f  i n p u t  p e r  p ress /suc t  SHELL/SPAR) 
Equ iva len t  t o  RAD and i s  a l s o  used 
t o  s t o r e  s h e l l  g r i d  p o i n t  numbers 
cor respond ing  t o  spar i n t e r n a l  numbers 
COBSTRAN generated f i n i t e  element 
b u l k  d a t a  FORTRAN u n i t  
DATABANK ( read)  FORTRAN un i t 
Scra tch  FORTRAN u n i t  f o r  f i l e s ;  
THERMO, MDES, THHF, NLEP 
Sc ra tch  FORTRAN u n i t  f o r  f i l e s ;  
THERMO, MDES, THHF, NLEP 
Element c o n n e c t i v i t i e s  
Apparent f i b e r  volume r a t i o  
Ac tua l  f i b e r  volume r a t i o  
Sc ra tch  FORTRAN u n i t  f o r  f i l e s ;  
GNP, IGRD, I U ,  JU, MSECT 
Grid p o i n t  number a t  wh ich  w a l l  
t h i c k n e s s  i s  d e f i n e d  
Sc ra tch  FORTRAN u n i t  f o r  f i l e s ;  
K E I ,  CODES, FP, MP, CORC, DF, NF, 
NT, NP, NE, NPAST, NOPLY, NMODE, MESH, 
PRES, NYPTS, GNP, PROT, NPD 
Combined-stress s t r e n g t h  
c r i t e r i o n  c o e f f i c i e n t  
Apparent m a t r i x  volume r a t i o  
Ac tua l  m a t r i x  volume r a t i o  
MHOST f o r c e  i n p u t  f i l e  
Outpu t  ( w r i t e )  FORTRAN u n i t  
NASTRAN PLOTEL b u l k  d a t a  FORTRAN u n i t  
I n p u t  ( read)  u n i t  f o r  pos tp rocess ing  
Sc ra tch  FORTRAN u n i t  f o r  f i l e s ;  
EP, THP, THF, AS, CS, BS, RA, RB, DENS 
Sc ra tch  FORTRAN u n i t  f o r  f i l e s ;  
EP, THP, THF, AS, CS, BS,  RA, RB, DENS 
I n p u t  ( read)  u n i t  
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KREFL 
KSMF 
KTTAB 
KV 
L 
LABEL 
LDIAG 
LG 
LMAX 
LSC12 
LSC23 
LSCllC 
LSCllD 
LSCl lT 
LSC22C 
LSC22T 
LSCC13 
LSCC23 
LSCDF 
LSECT( 1) 
LSECT( 2) 
LSP 
LU 
L1 
MAX P LY 
MDES( I) 
MESH 
MHOST 
M I N I C H  
MMM 
MODES 
MP 
INTEGER Scra tch  FORTRAN u n i t  f o r  f i l e s ;  
For  i n p u t  da ta  s e t  echo 
INTEGER Op t iona l  method f o r  de te rm in ing  
s t r a i n  m a g n i f i c a t i o n  f a c t o r  
See Sect ion  3 Users Manual 
INTEGER Scra tch  FORTRAN u n i t  f o r  f i l e s ;  
TTAB (Preprocess ing SHELL/SPAR o p t i o n )  
SHL (Pos tprocess ing  SOLID BLADE o p t i o n )  
REAL Void volume r a t i o  
INTEGER 
CHARACTER 
BOOLEAN Ar ray  o f  l o g i c a l  va lues  f o r  d i a g n o s t i c s  
INTEGER Length o f  cha rac te r  s t r i n g  
INTEGER Number o f  p l i e s  s p e c i f i e d  f o r  oppos i te  
REAL ----I 
REAL I 
REAL I 
REAL I 
REAL I -  Ply l i m i t i n g  s t resses  
REAL I 
REAL I 
REAL I 
REAL I 
REAL ----I 
INTEGER Number o f  x s e c t i o n s  o f  p ressu re  
sur face  c o o r d i n a t e  i n p u t  
INTEGER Number o f  x s e c t i o n s  o f  s u c t i o n  
sur face  c o o r d i n a t e  i n p u t  
INTEGER Loca t ion  o f  t h e  spar on t h e  p ressu re  
and s u c t i o n  su r faces  f r o n  l e a d i n g  edge 
INTEGER Length o f  a r r a y s  i n  sub rou t ine  FLIPIT 
INTEGER I n p u t  l i n e  s t r i n g  i n  sub rou t ine  FFREAD 
Number o f  p o i n t s  i n  i n t e r p o l a t e d  
f u n c t i o n  
I n p u t  l i n e  s t r i n g  i n  sub rou t ine  FFREAD 
h a l f  o f  an unsymmetrical b l a d e  
INTEGER 
INTEGER 
INTEGER 
BOO LEAN 
BOO LEAN 
INTEGER 
BOO LEAN 
REAL 
Number o f  p l i e s  s p e c i f i e d  f o r  
h a l f - t h i c k n e s s  a t  p o i n t  o f  maximum 
b lade  t h i c k n e s s  
Ply o r d e r  
B lade model ing techn ique o p t i o n s  
See Sec t ion  3 Users Manual 
True f o r  MHOST s t r u c t u r a l  a n a l y s i s  module 
True i f  M I N I C H  element i s  used 
S ize  o f  m a t r i x  t o  be i n v e r t e d  
True i f  NASTRAN s t r e s s  o u t p u t  i s  
f rom mode shapes 
Ply m a t r i x  p r o p e r t i e s  
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MPLOT 
MPLY( I) 
MPT 
MSB 
MSCD 
MSCNAS 
MSECT( 3 )  
MWSCT( 3, 1) 
MWSCT( 3,2) 
N 
NA F 
NAM 
NAME 
NA1 
NA2 
NCOOR( 1, I )  
NCOOR( 2, I )  
NCOOR(3, I) 
NCORDL 
NCOREG 
NCYC 
NDES 
NE 
NELM 
NELT 
NELTS 
N ETOT 
NF 
NGNP 
NGRD 
NGRID 
NGROUP 
NLEP 
BOO LEAN 
INTEGER 
REAL 
REAL 
BOOLEAN 
BOOLEAN 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
CHARACTER 
CHARACTER 
CHARACTER 
CHARACTER 
CHARACTER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
REAL( I n pu t ) 
INTEGER 
INTEGER 
INTEGER 
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True f o r  NASTRAN PLOTEL genera t ion  
Ply o r d e r  u s i n g  p l y  d e s i g n a t i o n  
numbers f o r  one h a l f  b lade  th i ckness  
s t a r t i n g  a t  t h e  o u t e r  sur face  
Ply m a t r i x  p r o p e r t i e s  
A p p l i e d  moments a t  nodal p o i n t s  
True f o r  MSC/NASTRAN deck i n p u t  
Generate MSC/NASTRAN b u l k  da ta  
Number o f  Y p o i n t s  i n p u t  f o r  each 
X s e c t i o n  
Number o f  g r i d  p o i n t s  i n p u t  on t h e  
pressure  su r face  f o r  each x s e c t i o n  
Number o f  g r i d  p o i n t s  i n p u t  on t h e  
s u c t i o n  su r face  f o r  each x s e c t i o n  
Number o f  p o i n t s  f o r  i n t e r p o l a t i o n  
F i b e r  name 
M a t r i x  name 
F i b e r  o r  M a t r i x  name 
F i b e r  name 
M a t r i x  name 
I n i t i a l  e lemen t  number 
F i n a l  element number 
NCORDL f o r  range o f  elements 
M a t e r i a l  c o o r d i n a t e  system 
i d e n t i f i c a t i o n  number 
Number o f  groups o f  elements f o r  
which NCORDL i s  read  as i n p u t  
c u r r e n t l y  NOT USED ( b l a n k  o r  zero)  
Number o f  g r i d  p o i n t s  t o  be 
eva lua ted  i n  pos tp rocess ing  
Number o f  p l y  d e s i g n a t i o n s  (MAX=40) 
Number o f  e lements 
Number o f  e lements 
Number o f  e lements i n  t h e  i n p u t  deck 
f o r  t h e  MSCMIN and NASMIN o p t i o n s  
U t i l i z e d  i n  a d i s c o n t i n u e d  o p t i o n  
T o t a l  number o f  e lements i n  a 
model u s i n g  t h e  SHELL/SPAR o p t i o n  
Number o f  f i b e r s  p e r  bundle 
Number o f  g r i d  p o i n t s  
T o t a l  number o f  g r i d  p o i n t s  a t  
which w a l l  t h i c k n e s s  w i l l  be i n p u t  
Maximum = 300 
Number o f  g r i d  p o i n t s  
c u r r e n t l y  NOT USED ( b l a n k  o r  zero)  
Number o f  p l y  l a y e r s  a t  a node 
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NM I NT 
NMODE( I) 
"Q 
NNX 
NNY 
NODMAX 
NOPLY 
NP 
NPAST 
NPD 
NPLY( I) 
N PM 
NPRT( 1, I) 
NPRT( 2, I) 
NPTOT 
N PTOT 1 
NPTS 
NSB 
NSECT 
NSPAR 
NSPDES 
NT 
NTIMES 
NU12 
NUL12 
NUL13 
NU L2 1 
NUL23 
NUL31 
NUL32 
BOO LEAN 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
REAL 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
REAL 
REAL ---- 
REAL 
REAL 
REAL 
REAL 
REAL ---- 
TRUE f o r  COSMIC NASTRAN deck i n p u t  
P o s i t i v e  i n t e g e r  f o r  each mode 
f rom NASTRAN 
NYSPC + 2 
NXSECT + 1 
Number o f  s e c t i o n s  t o  be e v a l u a t e d  
i n  postprocess ing 
Grid p o i n t  number o f  t h i c k e s t  p o i n t  
Node a t  which p l y  p r o p e r t i e s  a r e  
p r o v i d e d  i n  o u t p u t  
Number o f  g r i d  p o i n t s  
Las t  node of each SHELL/SPAR c y c l e  
Ply d e s i g n a t i o n  number t o  which 
p r o p e r t i e s  a p p l y  
Ply o r d e r  u s i n g  p l y  d e s i g n a t i o n  
numbers f o r  one h a l f  b l a d e  t h i c k n e s s  
s t a r t i n g  a t  t h e  o u t e r  s u r f a c e  except  
t h i s  o r d e r  i s  f o r  t h e  o p p o s i t e  h a l f  
o f  an unsymmetr ical  b lade  
T o t a l  number o f  p l y  t ypes  f o r  which 
p r o p e r t i e s  a r e  i n p u t  
I n i t i a l  node f o r  p l y  s t r e s s  o u t p u t  
F i n a l  node f o r  p l y  s t r e s s  o u t p u t  
T o t a l  number o f  g r i d  p o i n t s  i n  a 
model u s i n g  t h e  SHELL/SPAR o p t i o n  
The MHOST f i n i t e  element code 
uses dual  nodes a t  t h e  i n t e r s e c t i o n  o f  
t h e  spars and o u t e r  s h e l l  i n  t h e  SHELL/SPAR 
o p t i o n .  NPTOTl = NPTOT + NP(spars) 
Number o f  nodal p o i n t s  o f  dynamic 
o u t p u t  
A p p l i e d  membrane loads  a t  nodal  
p o i n t s  
Number o f  s e c t i o n s  d e f i n i n g  p r o f i l e  
Number o f  spars (SHELL=T) Max=5 
Spar composi te d e s i g n a t i o n  
(one f o r  each spar)  
Number o f  temperature r e l a t e d  f i b e r  
o r  m a t r i x  t a b l e s  i n  t h e  databank 
Number o f  c y c l e s  o f  dynamic o u t p u t  
Po isson ' s  r a t i o  
- Ply Po isson ' s  r a t i o  
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NUML INTEGER A r r a y  c o n t a i n i n g  element numbers o f  t h e  
NXSECT INTEGER Number o f  X-axis s e c t i o n s  (SHELL=T) 
NXSPAR INTEGER Number o f  NXSECT c o n t a i n i n g  spars 
NXSPC INTEGER Number o f  spaces t o  t h e  n e x t  
x s e c t i o n  
NY PTS INTEGER Number o f  nodal p o i n t s  a long  
t h e  Y-axis 
NYSPC INTEGER Number o f  spaces a long  t h e  Y-axis 
(Must be d i v i s i b l e  by NSPAR+l) Max=28 
i n p u t  deck f o r  o p t i o n s  MSCMIN and NASMIN 
PERT( 1) 
PERT( 2) 
PERT( 3) 
PERT( 4) 
PERT( 5) 
PERT( 6) 
P I N  
PL 
PL( 10, I) 
PL( 11, I) 
PL( 12, I) 
PL( 13, I )  
PL( 14, I) 
PL( 15, I) 
PL(23, I) 
t h r u  
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
I n i t i a l  t h i c k n e s s  (pe rcen t  o f  t h e  
t h i c k n e s s  .of each g r i d  p o i n t )  
F i n a l  t h i c k n e s s  (pe rcen t  o f  t h e  
t h i c k n e s s  of each g r i d  p o i n t )  
I n i t i a l  X-coordinate (pe rcen t  span) 
F i n a l  X-coordinate (pe rcen t  span) 
I n i t i a l  Y-coord inate (pe rcen t  chord) 
F i n a l  Y-coord inate ( p e r c e n t  chord) 
Geometry i n p u t  (coord, press,  temp) 
Grid p o i n t  p ressu re  lower  s u r f a c e  
P l y  v o i d  c o n t e n t  KV 
Ply apparent  f i b e r  c o n t e n t  KF 
P l y  a c t u a l  f i b e r  c o n t e n t  KFB 
Ply apparent  m a t r i x  c o n t e n t  KM 
Ply a c t u a l  m a t r i x  c o n t e n t  KMB 
Ply w e i g h t  d e n s i t y  RHOL 
Ply l a y e r  t h i c k n e s s  TL 
Ply and i n t e r p l y  l a y e r  t h i c k n e s s  DELTA 
I n t e r p l y  l a y e r  d i s t o r t i o n  energy 
c o e f f i c i e n t  IDLC 
D is tance  f rom bot tom o f  composi te 
t o  p l y  c e n t r o i d  ZB 
D is tance  f rom r e f e r e n c e  p lane  
t o  p l y  c e n t r o i d  ZGC 
Angle f rom s t r u c t u r a l  a x i s  t o  
composi te m a t e r i a l  a x i s  THCS 
(same f o r  a l l  p l i e s )  
Angle f rom p l y  m a t e r i a l  a x i s  
t o  composi te m a t e r i a l  a x i s  THLC 
Angle f rom p l y  m a t e r i a l  a x i s  
t o  composi te s t r u c t u r a l  a x i s  THLS 
Ply s t r e s s - s t r a i n  r e l a t i o n s  
SCll,SC12,SC13,SC22,SC23,SC33,SC44,SC55,SC66 
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PL(24, I) 
PL(26, I )  CTEll,CTE22,CTE33 
t h r u  REAL Ply thermal  c o e f f .  o f  expansion 
PL(27, I )  
PL(29, I) HKll,HK22,HK33 
t h r u  REAL Ply heat  c o n d u c t i v i t i e s  
PL( 30) REAL Ply heat  c a p a c i t y  HHCL 
PL( 31, I) 
PL(33,I) E L l l ,  EL22, EL33 
t h r u  REAL Ply e l a s t i c  c o n s t a n t s  
PL(34,I) 
PL( 36 I )  ' GL23,GL13,GL12 
t h r u  REAL Ply e l a s t i c  cons tan ts  
PL(37,I) 
PL(42,I) NUL12,NUL21,NUL13,NUL31,NUL23,NUL32 
t h r u  REAL Ply e l a s t i c  cons tan ts  
PL( 43, I) 
PL(48, I) SMFK22,SMFD22,SMFS22,SMFC22,SMFSlZ,SMFS23 
t h r u  REAL Ply s t r a i n  m a g n i f i c a t i o n  f a c t o r s  
PL(49) REAL I n t e r p l y  d e l a m i n a t i o n  f a c t o r  ILMFC 
PL( 50) REAL Ply temperature TEMPD 
PL( 51, I) 
t h r u  REAL P l y  1 i m i t i n q  s t resses  
PL(60, I) LSCllT, LSCliC, LSCllD, LSC22T, LSCZZC, 
LSC12 LSC23, LSCC23, LSCC13, LSCDF 
PL(61) REAL C o e f f i c i e n t  i n  combined-st ress-st rength 
PL( 62) REAL Combined-stress-strength c r i t e r i o n  CSFC 
PL(63) REAL I n t e r p l y  d e l a m i n a t i o n  c r i t e r i o n  DELFC 
c r i t e r i o n  KL12AB 
PL(64, I) 
t h r u  REAL Ply a p p l i e d  s t r a i n s  and s t r e s s e s  
PL(69, I) EPS11,EPS22,EPS12,SIGll,SIG~2,SIGl2 
PL(70) REAL Adjacent  p l y  r e l a t i v e  r o t a t i o n  RELROT 
PL(71) REAL Hoffman's f a i l u r e  c r i t e r i o n  HFC 
PLYORD BOO LEAN True i f  p l y  o r d e r  i s  s p e c i f i e d  
PM REAL A r r a y  o f  m a t r i x  p roper - t i es  read 
from t h e  i n t e r n a l  databank 
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POST 
PREP 
PRES 
PRES 
PROF1 L 
P ROT 
PRTOUT 
PU 
RA 
RANG 
RAD 
RB 
RE 
RELROT 
RHO 
RHOL 
RINDV 
RM 
sc 
scxz 
SCYZ 
SCll 
sc12 
sc13 
sc22 
sc23 
sc33 
sc44 
sc55 
SC66 
SHELL 
BOOLEAN 
BOOLEAN 
BOOLEAN 
REAL 
BOO LEAN 
BOO LEAN 
BOOLEAN 
REAL 
REAL 
BOO LEAN 
INTEGER 
REAL 
REAL 
REAL 
REAL 
REAL 
BOOLEAN 
REAL 
REAL 
REAL 
REAL 
True f o r  p o s t  p rocess ing  o f  
NASTRAN o u t p u t  
True f o r  p rep rocess ing  b lade da ta  
True i f  g r i d  p o i n t  p ressure  i s  i n p u t  
(SID=4 on NASTRAN PLOAD card)  
Ex te rna l  g r i d  p o i n t  p ressure  
f o r  SHELL/SPAR models 
True t o  bypass mid-wal l  c o r r e c t i o n  
True i f  p l y  p r o p e r t i e s  a r e  t o  be 
i n p u t  f o r  some p l y  des igna t ions  
True i f  extended o u t p u t  i s  des i red ;  
(EP,AS,CS,BS,THP,RA,RB) i n  p rep rocess ing  
(Ply s t resses  and s t r a i n s )  i n  p o s t  
p rocess ing  
Grid p o i n t  p ressu re  upper su r face  
Reduced a x i a l  s t i f f n e s s  m a t r i x  
True f o r  a l t e r n a t e  m a t e r i a l  ang le  
c a l c u l a t i o n  a l g o r i t h m  
Ar ray  c o n t a i n i n g  g r i d  p o i n t  numbers 
f o r  t h e  NASTRAN i n p u  deck f o r  
o p t i o n s  MSCMIN and NASMIN 
Reduced bending s t i f f n e s s  m a t r i x  
A r ray  o f  r e a l  va lues  
Ad jacent  p l y  r e l a t i v e  r o t a t i o n  
Mass d e n s i t y  
Ply we igh t  d e n s i t y  
If TRUE f o r  p reprocess ing ,  t h e  m a t e r i a l  
c o o r d i n a t e  system d e s i g n a t i o n  w i l l  
be s e t  t o  1 f o r  a l l  elements. 
True i f  d isp lacements  a r e  i n p u t  
t o  pos t -p rocess ing  
Reduced m a t r i x  
S t ress  1 i m i t  "compression" 
I n t e r p l y  shear l i m i t i n g  s t r e s s  x- face 
I n t e r p l y  shear l i m i t i n g  s t r e s s  y - face  
REAL ----I 
REAL I 
REAL I 
REAL I 
REAL I -  Ply s t r e s s - s t r a i n  r e l a t i o n s h i p s  
REAL I 
REAL I 
REAL I 
REAL ----I  
BOO LEAN True f o r  s h e l l / s p a r  a n a l y s i s  
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SHL( 1,J 
SHL(2,J 
SHL( 3, J) 
SHL( 4, J) 
SHL( 5, J) 
SHL( 6, J ) 
SHL( 7, J) 
SHL(8,J) 
S I G l l  
SIG12 
SIG22 
S1 l l c d  
s112s 
SMF 
SMFC22 
SMFD22 
SMFK22 
SMFS12 
SMFS22 
SMFS23 
SOLID 
SPAN 
SPARS 
ss 
ST 
S Y ( 1 , I )  
S l t  
S l c  
S2t  
s2c 
s12 
RE L 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL MPT(14) Ply m a t r i x  shear 
REAL ----I 
REAL I -  Ply a p p l i e d  s t resses  
REAL ----I 
REAL Ply l o n g i t u d i n a l  compressive 
REAL Ply shear s t r e n g t h  
REAL S t r a i n  m a g n i f i c a t i o n  f a c t o r  
REAL ----I  
REAL I 
REAL 
REAL I 
REAL I 
REAL ----I 
BOOLEAN True f o r  s o l i d  b l a d e  a n a l y s i s  
BOOLEAN True i f  spars a r e  p resen t  
REAL S t ress  1 i m i  t "shear" 
REAL S t ress  1 i m i  t " tens ion "  
REAL 
PL(7,J) Ply l a y e r  t h i c k n e s s  
PL(8,J) Ply + i n t e r p l y  l a y e r  
t h i c knes s 
PL(13,J) Angle f rom p l y  m a t e r i a l  a x i s  
t o  composite m a t e r i a l  a x i s  
PL(34,J) Ply e l a s t i c  cons tan t  GL23 
PL(35,J) Ply e l a s t i c  cons tan t  GL13 
MPT(4) Ply m a t r i x  po issons  r a t i o  NU 
s t r e n g t h  SIGMAS 
REAL MPT(3) Ply m a t r i x  modulus E 
s t r e n g t h  
I -  Ply s t r a i n  m a g n i f i c a t i o n  f a c t o r s  
CHARACTER A l t e r n a t e  i n p u t  name f o r  I U  
Spar y l o c a t i o n  f rom l e a d i n g  edge 
upper su r face  i f  ZIGZAG o p t i o n ,  
o the rw ise  rep resen ts  b o t h  sur faces  
upper su r face  i f  ZIGZAG o p t i o n ,  
o the rw ise  rep resen ts  b o t h  sur faces  
Spar y l o c a t i o n  f rom l e a d i n g  edge 
lower  su r face  i f  ZIGZAG op t ion ,  
o the rw ise  n o t  used 
lower  su r face  i f  ZIGZAG o p t i o n ,  
o the rw ise  n o t  used 
REAL L o n g i t u d i n a l  t e n s i l e  s t r e n g t h  
REAL L o n g i t u d i n a l  compressive s t r e n g t h  
REAL Transverse t e n s i l e  s t r e n g t h  
REAL Transverse compressive s t r e n g t h  
REAL I n t r a l a m i n a r  shear s t r e n g t h  
REAL Spar t h i c k n e s s  
REAL 
REAL Spar t h i c k n e s s  
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TB 
T EM 
TEMP 
TEMPD 
THCONN 
THERMO( I) 
THCS 
TH F 
THHF 
THK 
TH LC 
TH LS 
THMAX 
THP 
THWAL( I )  
TL 
TTAB 
TU 
REAL 
BOO LEAN 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
INTEGER 
REAL 
REAL 
REAL 
REAL 
REAL ' 
REAL 
REAL 
REAL 
Thickness o f  b lade  
True i f  temperatures a r e  i n p u t  
( S I B 3  on NASTRAN TEMP card)  
Temperature a t  g r i d  p o i n t  
Ply temperature 
Angle between element m a t e r i a l  
and s t r u c t u r a l  c o o r d i n a t e  systems 
Temperature o f  each p l y  l a y e r  
a t  a g i ven  node 
Angle f rom s t r u c t u r a l  axes t o  
composite m a t e r i a l  axes 
Thermal f o r c e s  
Blade h a l f - t h i c k n e s s  a t  each node 
Thickness o f  s h e l l  
Angle f rom p l y  m a t e r i a l  axes t o  
composite m a t e r i a l  axes 
Angle f rom p l y  m a t e r i a l  axes t o  
composite s t r u c t u r a l  axes 
H a l f  t h i c k n e s s  o f  t h i c k e s t  g r i d  p o i n t  
Thermal p r o p e r t y  m a t r i x  
Wal l  t h i c k n e s s  i n p u t  f o r  b lade 
c a v i t y  a n a l y s i s  
Temperature o f  t h e  l ower  su r face  
o r  t h i c k n e s s  o f  p l y  l a y e r  
A r r a y  o f  s e c t i o n  c o o r d i n a t e  da ta  
processed f rom P I N  a r r a y  (SHELL/SPAR) 
Temperature o f  t h e  upper su r face  
U REAL A r r a y  o f  x-va lues f o r  i n t e r p o l a t i o n  
V REAL A r r a y  o f  y -va lues  f rom i n t e r p o l a t i o n  
VF REAL Shear f o r c e s  i n  x and y d i r e c t i o n  
VFP REAL D e r i v a t i v e  o f  shear f o r c e s  VF 
VDOT REAL F i r s t  d e r i v a t i v e  o f  i n t e r p o l a t i o n  
WHAT CHARACTER Four c h a r a c t e r  name 
WINDML BOOLEAN True f o r  s h e l l / s p a r  a n a l y s i s  
X 
X 
XA 
XBEG 
XEND 
XINT 
XM 
XOUT 
x x  
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
Blade s t a t i o n  (spanwise) 
X a r r a y  f o r  c o o r d i n a t e  t r a n s f o r m a t i o n  
X d i s t a n c e  f o r  c o o r d i n a t e  t r a n s l a t i o n  
I n i t i a l  x - s t a t i o n  f o r  b lade  mesh 
F i n a l  x - s t a t i o n  f o r  b lade  mesh 
Dummy a r r a y  f o r  i n t e r p o l a t i o n  
A r r a y  o f  bending moments spanwise 
Dummy a r r a y  f o r  i n t e r p o l a t i o n  
A r ray  f o r  which o r d e r  i s  reve rsed  
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Y 
Y 
YA 
Y INT 
YY 
Z 
ZB 
ZGC 
Z I GZAG 
ZL 
zu 
REAL Y coordinate  
REAL Y a r r a y  f o r  coordinate  t ransformat ion  
REAL Y d is tance  f o r  coordinate  t r a n s l a t i o n  
REAL Dummy a r r a y  f o r  i n t e r p o l a t i o n  
REAL Array f o r  which order  i s  reversed 
REAL Z mid-thickness coordinate  
REAL Distance from bottom o f  composite 
t o  p l y  c e n t r o i d  
REAL Distance from re ferance  p lane 
t o  p l y  c e n t r o i d  
BOOLEAN True i f  spars not  normal t o  mid-chord 
REAL Z lower coordinate  
REAL 2 upper coordinate  
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COBSTRAN ACCESS 
on VM a t  
Lewis Research Center 
COBSTRAN i s  accessed on t h e  VM system th rough  t h e  USERDISK. 
On VM t y p i n g  USERDISK w i l l  p resen t  a l i s t  o f  programs and execs 
a v a i l a b l e  t o  a l l  VM I D S .  
COBSTRAN accesses t h e  COS v e r s i o n  on t h e  CRAY 
COBUN I X accesses t h e  UNICOS v e r s i o n  on t h e  CRAY 
Bo th  exec f i l e s  a l l o w  t h e  user  access t o  t h e  a p p r o p r i a t e  COBSTRAN 
program i n s t a l l e d  on t h e  Lewis Research Center CRAY computer. CRAY 
c o n t r o l  language commands a r e  a u t o m a t i c a l l y  generated f o r  access ing 
COBSTRAN and f i n i t e  element programs acco rd ing  t o  t h e  operands se- 
l e c t e d .  
OPE RANDS 
PREP 
DBAN K 
FEM 
FEDS 
POST 
OUTPUT 
U I D  
PSW 
TOCRAY 
preprocessor  d a t a s e t  name 
f i b e r / m a t r i x  databank d a t a s e t  name 
f i n i t e  element method 
f i n i t e  element d a t a s e t  name 
pos tp rocess ing  d a t a s e t  name 
o u t p u t  dsname 
C RAY user  I D  
C RAY password 
Y l n  
PREP 
S p e c i f i e s  name o f  d a t a s e t  which conta ins t h e  COBSTRAN 
program preprocessor  i n p u t  e x c l u d i n g  t h e  databank. 
DBANK 
S p e c i f i e s  name o f  d a t a s e t  which c o n t a i n s  t h e  COBSTRAN 
program databank o f  f i b e r  and m a t r i x  p r o p e r t i e s  and 
c o r r e l a t i o n  c o e f f i c i e n t s .  
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f i e s  t h e  f i n i t e  e 
MSC --- f o r  
RPK --- f o r  
MHOST --- f o r  
ement method t o  be used on t h e  
MSC NASTRAN 
RPK NASTRAN 
MHOST FE code 
S p e c i f i e s  name o f  t h e  d a t a s e t  which c o n t a i n s  t h e  i n p u t  
f o r  t h e  f i n i t e  element method s e l e c t e d  by fern. 
end w i t h  an ENDDATA record .  
NOTE : For NASTRAN t h e  d a t a s e t  must 
POST 
S p e c i f i e s  name o f  t h e  d a t a s e t  which c o n t a i n s  t h e  
COBSTRAN program pos tprocessor  i n p u t .  
OUTPUT 
S p e c i f i e s  name o f  t h e  CRAY o u t p u t  d a t a s e t  r e t u r n e d  
t o  t h e  VM i n  t h e  u s e r ' s  RDRLIST l e n g t h  must be l e s s  
than seven cha rac te rs .  
U I D  
s p e c i f i e s  u s e r ' s  CRAY I D  d e f a u l t  U I D  s p e c i f i e d  i n  user  
GLOBALV LISTING f i 1 e. 
PSW 
s p e c i f i e s  u s e r ' s  CRAY password d e f a u l t  password 
s p e c i f i e d  i n  user  GLOBALV LISTING f i l e .  
TOC RAY 
s p e c i f i e s  submission o f  j o b  t o  CRAY f o r  p rocess ing  Y o r  N. 
d e f a u l t  N ( j o b  n o t  submi t ted  t o  CRAY). 
Func t i ona l  D e s c r i p t i o n  
The COBSTRANKOBUNIX exec w i l l  search y o u r  d i s k s  t o  l o c a t e  a 
f r e e  d i s k  number and f i lemode.  T h i s  f r e e  d i s k  w i l l  then  be l i n k e d  
t o  a d i s k  c o n t a i n i n g  t h e  COBSTRAN demonst ra t ion  problems and EXEC 
f i l e s  used t o  b u i l d  t h e  COBSTRAN deck f o r  submission t o  t h e  CRAY. 
The u s e r ' s  d i s k  w i l l  then  be searched a second t i m e  t o  l o c a t e  a f r e e  
d i s k .  T h i s  f r e e  d i s k  w i l l  be s e t  up as a temporary m i n i - d i s k  and 
used f o r  assembly and s to rage o f  t h e  COBSTRAN deck w i t h  t h e  appro- 
p r i a t e  CRAY JCL's. T h i s  f i l e  i s  t i t l e d  CRAY RUN and t h e  f i l emode  
w i l l  be t h a t  o f  t h e  temporary m i n i - d i s k .  
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NOTE: T h i s  temporary m i n i - d i s k  w i l l  be l o s t  upon LOGOFF. 
Therefore,  i f  t h e  CRAY RUN f i l e  i s  t o  be saved i t  
must be t r a n s f e r r e d  elsewhere. 
P r i o r  t o  e s t a b l i s h i n g  t h e  temporary m i n i - d i s k  
t h e  u s e r  w i l l  be prompted as fo l l ows ;  
DASD x x x  DEFINED 0010 CYL 
DMSFOR603R FORMAT WILL ERASE A L L  F I L E S  ON D I S K  X(xxx)  
DO YOU WISH TO CONTINUE ?(YES:NO) 
Yes 
DMSFOR605R ENTER D I S K  LABEL: 
c o b s t r  ( o r  any l a b e l )  
REMARKS 
1) If t h e  COBSTRAN preprocessor  i s  used t o  generate a 
model i n  which i s o t r o p i c  m a t e r i a l  p r o p e r t i e s  a r e  g i v e n  
then  t h e  DBANK operand must be d e f a u l t e d .  
e v a l u a t i o n  o f  a model then FEM, FEDS, and POST operands 
may be d e f a u l t e d .  For t h i s  case t h e  f i n i t e  element b u l k  
d a t a  generated by COBSTRAN w i l l  be r e t u r n e d  t o  t h e  
RDRLIST under t h e  f i l e  name T4BULK. 
2) I f  o n l y  COBSTRAN preprocess ing i s  d e s i r e d  f o r  i n i t i a l  
3 )  POST must be d e f a u l t e d  un less  FEM and FEDS a r e  s p e c i f i e d .  
4) Suppression o f  submission t o  t h e  CRAY i s  accompl ished 
by s e t t i n g  TOCRAY=N. T h i s  i s  usefu l  f o r  m o d i f y i n g  t h e  
d a t a s e t  CRAY RUN p r i o r  t o  submission t o  t h e  CRAY. 
5) To s e t  t h e  global values for t he  CRAY u s e r i d  and 
password e n t e r :  
GLOBALV SELECT COBVARS SETUP U I D  u s e r i d  PSW password 
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EXAMPLE 
Dataset  PREP1 DEMO c o n t a i n s  t h e  p rep rocess ing  d a t a  setup 
as desc r ibed  i n  t h e  COBSTRAN DEMONSTRATION MANUAL. 
Dataset  DBANKl DEMO c o n t a i n s  t h e  databank o f  f i b e r  and 
m a t r i x  p r o p e r t i e s  and c o r r e l a t i o n  c o e f f i c i e n t s  as 
d e s c r i b e d  i n  t h e  COBSTRAN DEMONSTRATION MANUAL 
The COBSTRAN exec w i l l  prompt you f o r  t h e  a p p r o p r i a t e  
f i l ename - f i l e t y p e  - address as show below. 
If a demonstrat ion problem on t h e  l i n k  d i s k  i s  s e l e c t e d  
f i l emode  w i l l  be t h a t  o f  t h e  f r e e  d i s k  chosen f o r  l i n k i n g .  
Ready; T=0.01/0.01 09:14:31 
cobunix  
ENTERING THE WONDERFUL WORLD OF C 0 B S T R A N 
UNICOS VERSION 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 
* 
* 
* I HAVE SELECTED YOUR UNUSED D I S K  -- 200 F -- FOR 
* LINKING TO R. A IELLO’S  COBSTRAN D I S K  
* DEMONSTRATION PROBLEMS ARE AVAILABLE ON T H I S  D I S K  
* F I L E  TYPE = DEMO F I L E  MODE = 200 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DASD 200 LINKED R/O; R/W BY SMAIELLO 
F (200) R/O 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* I HAVE SELECTED YOUR UNUSED D I S K  -- 202 H -- FOR * 
* ASSEMBLY AND STORAGE OF THE CRAY RUN DATASET 
* T H I S  I S  A TEMPORARY M I N I D I S K  WHICH WILL BE 
* DELETED UPON LOGOFF 
* 
* 
* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DASD 202 DEFINED 0005 CYL 
DMSFOR603R FORMAT w i l l  e rase a l l  f i l e s  on d i s k  H(202) .  Do you w ish  t o  con t inue?  
E n t e r  1 (YES) o r  0 (NO). 
1 
DMSFOR605R En te r  d i s k  l a b e l :  
raa202 
Format t i ng  d i s k  H 
5 c y l i n d e r s  f o r m a t t e d  on H(202)  
202 rep laces  H (202) 
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WELCOME TO COBSTRAN ... 
PLEASE ENTER VARIABLES AS SHOWN I N  ( ) WHEN PROMPTED: 
OR ENTER QUIT TO CANCEL T H I S  TASK 
OR RETURN I F  NOT APPLICABLE 
*** NOTE: ADDR I S  THE M I N I D I S K  NUMBER **' 
PREP DATASET? (FN FT ADDR) 
prep1 demo 200 
DATA BANK DATASET? (FN FT ADDR) 
dbankO demo 200 
F I N I T E  ELEMENT METHOD? (MSC/RPK/MHOST/' ' ) 
r P  k 
F I N I T E  ELEMENT DATASET? (FN FT ADDR) 
n a s t l  demo 200 
POST PROCESS DATASET? (FN FT ADDR) 
post1  demo 200 
OUTPUT DATASET NAME? (CHOOSE <6 CHARS) 
p l a t 0 5  
CRAY USERID? DEFAULT I F  GLOBALV 
CRAY PASSWORD? DEFAULT I F  GLOBALV 
SEND TO CRAY? (Y/N) 
n 
F i l e  CRAY RUN H not  found 
/ / / / I  CRAYRUN ERASED, CONTINUE / / / / I  
///// RPK/NASTRAN JCL IS CREATED ///// 
///// FIRST CRAY RUN EDITING COMPLETE / / / / I  
///// SECOND CRAY RUN EDITING COMPLETE / / / / I  
///// ASSEMBLY OF CRAY RUN F I L E  COMPLETE / / / / I  
/ / / / I  CRAY RUN F I L E  NOT SENT TO CRAY 
///// CRAY RUN I S  ON YOUR -H- DISK 
DASD 200 DETACHED 
Ready(00023); T=0.16/0 .41  0 9 : 1 6 : 1 9  
The f i n a l  message i s  n o t i f y i n g  t h e  user  t h a t  they  have been 
detached from t h e  semi-public d i s k .  
The temporary min i -d isk  w i l l  remain a c t i v e  u n t i l  LOGOFF. 
7-5 (8-31-88) 
Nmom Aeronautics and 
Spax Administration 
1. Report No. 
NASA TM-101461 
Report Documentation Page 
2. Government Accession No. 
7. Key Words (Suggested by Author(s)) 
Composite mechanics; Turboprop blade; Turbofan 
blade; Wind turbine blade; Failure criteria; NASTRAN 
7. Author@) 
Robert A. Aiello 
18. Distribution Statement 
Unclassified - Unlimited 
Subject Category 24 
9. Performing Organization Name and Address 
National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135-3191 
2. Sponsoring Agency Name and Address 
National Aeronautics and Space Administration 
Washington, D.C. 20546-0001 
3. Security Classif. (of this report) 
Unclassified 
3. Recipient’s Catalog No. 
20. Security Classif. (of this page) 21. No of pages 22. Price’ 
Unclassified 86 A04 
5. Report Date 
April 1989 
8. Performing Organization Code 
8. Performing Organization Report No. 
E4570 
10. Work Unit No. 
505-63-1B 
11. Contract or Grant No. 
13. Type of Report and Period Covered 
Technical Memorandum 
14. Sponsoring Agency Code 
5. Supplementary Notes 
Version 1.2 dated August 31, 1988. 
Composite Blade Structural Analyzer (COBSTRAN) Demonstration Manual NASA TM-101957. 
Composite Blade Structural Analyzer (COBSTRAN) Theoretical/Programmer’s Manual NASA TM- 101 958. 
6. Abstract 
This manual describes the installation and use of a computer code, COBSTRAN (Composite Blade STRuctrual 
ANalyzer), developed for the design and analysis of composite turbofan and turboprop blades and also for 
composite wind turbine blades. This code combines composite mechanics and laminate theory with an internal 
data base of fiber and matrix properties. Inputs to the code are constituent fiber and matrix material properties, 
factors reflecting the fabrication process, composite geometry and blade geometry. COBSTRAN performs the 
micromechanics, macromechanics and laminate analyses of these fiber composites. COBSTRAN generates a 
NASTRAN model with equivalent anisotropic homogeneous material properties. Stress output from NASTRAN is 
used to calculate individual ply stresses, strains, interply stresses, thru-the-thickness stresses and failure margins. 
Curved panel structures may be modeled providing the curvature of a cross-section is defined by a single value 
function. COBSTRAN is written in FORTRAN 77. 
